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This summer at three centers across 
the country, high school and college 
teachers worked together to produce 
experimental curricula in chemistry and 
biology. 

At Tufts University, in Medford, 
Massachusetts, the Chemical Bonds 
Approach Course underwent a first re- 
vision after a one-year trial, At the 
same time, the Chemical Education 
Materials Study (CHEM Study) writ- 
ing group convened at Harvey Mudd 
College, Claremont, California. This 
group produced an experimental course 
to be used for the first time this Sep- 
tember. 

While chemists worked on the coasts, 
the Biological Sciences Curriculum 
Study team of high school and college 
teachers met at Boulder, Colorado, and 
produced not one—but three experi- 
mental biology courses. 

The three curriculum conferences are 
highlighted in reports prepared for 
Science Teachers World by conference 
participants. 


Progress in Biological Sciences 
Curriculum Study 


By Zacharia Subarsky 

Bronx High School of Science 
This summer, more than 60 high 
school teachers and research biologists 
in about equal numbers participated in 
a nine-week summer curriculum writing 
conference at Boulder, Colorado. Their 
efforts were directed toward improving 
high school biology in three areas: 
course outlines and texts, laboratory 
experiences. and special provisions for 
gifted students. The conference was 
sponsored by the American Institute of 
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Edition 2 


Reports from 


Curriculum Study Groups 


Biological Sciences on a grant of $738,- The Green version is built around the 
000 from the National Science Founda- natural interrelationships of _ living 
tion. things. Dr. Marston Bates of the Uni- 
When the writing teams convened at _ versity of Michigan led the Green writ- 
Boulder, they were divided into three ing group. 
working groups, all under the leader- The Yellow  version—a  develop- 
ship of Dr. Bentley Glass of the Johns mental, organismal, and genetic ap- 
Hopkins University and Dr. Arnold B. — proach—was produced by a team led 
Grobman, Director of the Biological by Dr. John Moore of Columbia Uni- 
Sciences Curriculum Study. The groups — versity. This approach is closer to the 
produced three experimental versions — traditional pattern in that the Yellow 
of high school biology curricula desig- text starts with the amoeba and works 
nated “Green,” “Yellow,” and “Blue.” (Continued on page 6-T) 
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Photo by Keith MacNab 
CHEM Study group prepared text materials built upon lab exercises. Part of group 
at work includes (left to right): Laurence Martens, Oakland (Cal.) City College; 
Wilbert Bolliger, Ganesha H. S., Pomona, Cal.; J. A. Campbell, director of group, 
Harvey Mudd College, Claremont, Cal.; J. E. Davis, East H. S., Salt Lake City, Utah. 











The unique and indispensablesc 


THE BOOK OF POPU LARS 


is massively reviseda 


2/3 OF ALL ENTRIES NEW SINCE 1955 
3,000 NEW ILLUSTRATIONS IN LAST 5 YEARS 


NEW ARTICLES Every article af- 


fected by the explosion of scientific knowledge has been revised 
— this has meant important changes on more than three thou- 
sand pages...vital new material in existing articles. 


NEW CHAPTERS From radio- 


isotope-fueled thermoelectric generators and modern astronom- 
ical observatories to the natural gas industry and experiments 
in mechanics, new chapters on timely subjects and revisions 
of existing subjects bring the 1960 edition to a new high of 
accuracy and readability. 


NEW AUTHORS THE BOOK OF 
POPULAR SCIENCE has always called on the most prominent 
authorities to write for its pages: men such as W. W. Bauer, 
Willy Ley, Willard F. Libby, R. Marlin Perkins, Fred L. 
Whipple, Keith E. Bullen, Theodore Koppanyi, M. Stanley 
Livingston, and James A. Oliver. 








NEW ILLUSTRATIONS 


New full-color and black-and-white photographs, drawing 
flow charts and diagrams make the 1960 edition an irresistibk 
visual invitation to learning. 


N EW Ni A K E U P Eye-catching design 


keynote the beginnings of new articles; modern type make 


headings and caption material crisp and inviting; smart ney, 


layout patterns have been adopted. 





vy y& The Book of Popular Science is double- 
starred in the AAAS Science Book List—and quali- 


fies for purchase under Title Ill NDEA. 
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iblescience teaching aid! 


RSCIENCE 


edand up-dated! 


oa With giant steps, THE BOOK OF POPULAR SCIENCE has kept 

> abreast of the fantastic growth of scientific knowledge: 

A R Ss Inthe last few years, half the set has been entirely rewritten. These 
massive revisions in THE BOOK OF POPULAR SCIENCE bring 
itto today’s school—to today’s library—as a unique, essential 
and absolutely dependable work. 

) at Ss Astimulating introduction to all the important fields of 

science, this great, continuously revised teaching tool leads the 


drawing ; : : : 
irresistibe, YUS reader in logical learning progression through every 
science—always from the general to the more difficult. 
THE BOOK OF POPULAR SCIENCE is 
. unsurpassed enrichment material — invaluable in 
ng design . 3 ; é 
oo aa planning and executing group science projects 


and science related activities. And, as a special 
teaching aid, the bibliography, Selected 
| Readings in Science, describes books 
———| that explore further every subject 
' discussed in the set. 
uble- |) More than ever, THE BOOK OF 
POPULAR SCIENCE fulfills its 
juali- traditional role as the only general 
science reading and reference series suitable for 


upper elementary, junior and senior high school use. = 
| 10 VOLUMES - 4,464 PAGES « 5,000 ILLUSTRATIONS 


smart ney, 





science reference work 


Publishers of The Book of Knowledge 
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Here’s everything you need to demonstrate 


SOLAR Liam 


Now you can teach the principles of polarized 
light the most effective way—by demonstration— 
with equipment that meets the requirements of 
C.C.S.S.O. Purchase Guide Nos. 3265, 3270. 

Vivid, colorful demonstration that quickens 
student interest, speeds understanding. The Pio- 
neer Advanced Demonstrator (above) equips 
your Class with 10 polarizers, 12 additional demon- 
stration accessories and a text, ‘““The Polarization 
of Light” ... complete equipment and instructions 
for classroom demonstrations and individual ex- 
periments. Ask for Pioneer Advanced Demonstra- 
tor No. 61-2, only $29.50. 
=> For use by small groups or individual students, 
eA Pioneer offers a basic set consisting 
of 2 polarizers; samples of mica, 
benzoic acid, and calcite; 
plus a step-by-step in- 
struction sheet. Pioneer 


Basic Demon- 





strator No. 
61-1, $4.95. 











POLARIZATION OF LIGHT by Pro- 
fessor Hollis N. Todd, Rochester 
Institute of Technology, re- 
views the major theories of 
light with emphasis on polar- 
ization. Included with the Advanced and Table 
Top Demonstrators, it outlines many demonstra- 
tions and experiments that can be performed with 
both the Advanced and Basic Demonstrators, 
Catalog No. 61-10, $1.00. 


PIONEER also offers Table Top Demonstrators, for 
large classes and lecture halls; a self-contained Ver- 
tical Polariscope; plus the widest assortment of 
polarizing materials. Whatever your needs in 
polarizing equipment, look with confidence to 
Pioneer. WRITE for Catalog 61-11. 














SCIENTIFIC CORPORATION 


Subsidiary of Bausch & Lomb 
ROCHESTER 2, N.Y. 


Plastic Lenses, Polariscopes, Demonstrators 
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To help you guide the seniors 
who don’t go on to college 


A new solution to a serious guidance problem. The secret of get- 
ting ahead is planning ahead. For seniors in search of a career, 
v4 it’s essential to know the pros and cons of an occupation before 
selecting it. But until now, visual guidance materials have been 
sorely lacking to help you counsel one large category of young 
men—the seniors who aren't able to go on to college. Career 
Reports is a new series of motion pictures created to fill this 
serious gap in the average vocational guidance program. 








Vocational facts for high school graduates. Each Career Reports 
film describes an occupation for which a college degree is not 
ordinarily a prerequisite. (Vocations considered by the series 
include Motor Mechanics, Electronics, Metal Working, Construc- 
tion, Law Enforcement, etc.) The advantages and disadvan- 
tages of each field are presented clearly and objectively. Men 
actually on the job describe their work—and how they happened 
to get into it. Up-to-date facts are presented in an interesting, 
lively format—and the guidance counselor is suggested as a 
source of additional information and advice. 


Who sponsors this project? Career Reports is sponsored by the 
Department of the Army, with cooperation from the American 
Personnel and Guidance Association, and other recognized 
vocational authorities. 


What is the Army’s purpose? Each film in the series conveys a dis- 
tinct axiom: training is indispensable to success in any skilled 
occupation. Beginners can acquire this training in one of sev- 
eral ways—on the job (by means of formal or informal appren- 
ticeship), through a trade school or company training program, 
or in the Armed Services. The Army’s purpose is achieved 
simply by being recognized as one of the possible ways in which 
a young man can secure essential vocational training. 





An early reservation is advisable. For the first time, a comprehen- 
sive guidance tool has been prepared specifically for high 
school graduates not able to go on to college. The Career 
Reports series is available (without charge) to teachers and 
guidance counselors in the United States. Reservations must 
be made early in order to incorporate Career Reports into your 
guidance program for the coming academic year. May we there- 
fore suggest that you mail the coupon today for free details. 
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THE ADJUTANT GENERAL STW-28-9-60 
Department of the Army 

Washington 25, D. C. 

ATTN: AGSN 


. 
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I am interested in learning more about the Career Reports 
film series. Please send me a complete list of vocational 
titles, supplementary information and an order blank. 





Name. 





Address 





City. 





Zone State 





High School 





Position 
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Curriculum Study 
(Continued from page 1-T) 


upward to complex creatures, including 
man himself. 

Dr. Ingrith Deyrup of Barnard Col- 
lege led the Blue version writers, 
who used the so-called “linear ap- 
proach.” The Blue text, starting with 
the organization of matter and concepts 
of energy as a point of departure, moves 
to ever higher levels of organization— 
cells, organs, organisms and popula- 
tions. In all three versions, the texts are 
accompanied by teachers commentaries. 

The materials produced this summer 
are tentative. During the coming school 
year, they will be tried out with biology 
classes in 105 representative high 
schools in 15 regional centers through- 
out the country. To this end, the 
teachers involved in the tryout were 
brought together in Boulder for a brief- 
ing session. On the basis of “feedback” 
from teachers using the first versions, the 
materials will be rewritten during the 
summer of 1961. After next summer’s re- 
write, the materials will be tried out 
in a larger number of schools—as many 
as 5,000, the Institute hopes. A third 
re-write is now planned for the summer 
of 1962. 

The schools participating in this 
year’s trials are organized around 15 
testing centers, each of which has a 
center leader and a center consultant. 
Throughout the school year, the par- 
ticipating teachers and consultants will 
meet weekly to discuss the program 
materials for the coming week and to 
assess their experience to date. 


Laboratory Block Program 


In addition to the three versions of 
the high school biology course, the con- 
ference launched another significant 
project—the laboratory block program. 
This is truly an innovation in high 
school biology teaching. The labora- 
tory block consists of a six-week 
period during which laboratory work, 
reading, discussion, and field activities 
center around a major biological topic. 
The work progresses through a series 
of related laboratory experiments. Thus, 
the student is given laboratory expe- 
rience in depth as he proceeds from 
simple laboratory exercises to more 
sophisticated approaches than are gen- 
erally provided in the conventional high 
school biology laboratory. 

Twelve such laboratory blocks are 
planned. Four have been completed 
and are to be given trial runs in eight 
schools. Those now ready are: 1. Plant 
Growth and Development. 2. Microbes: 
Their Growth, Nutrition and Interac- 
tion, 3. Animal Growth and Develop- 


ment, and 4. Form and Function in 
Animals (Motion). 

To make special provisions for gifted 
students, the Biological Sciences Curric- 
ulum Study committee broadcast an in- 
vitation to research biologists for projects. 
More than 500 projects were submitted. 
A six-man team of teachers and research- 
ers selected 100 of the projects to be 
edited and organized into research pros- 
pectuses for gifted students. 

Each of the selections represents a 
research problem for which solutions 
are not yet available in the literature. 
In the form for presentation to the stu- 
dent, each prospectus includes some 
background information, the delinea- 
tion of the problem, and a bibliography. 
The prospectuses will be made avail- 
able to teachers for use with gifted stu- 
dents. 


Research Problems for Students 


The Biological Sciences Curriculum 
Study was organized in January 1959, 
under the auspices of the American In- 
stitute of Biological Sciences Education 
Committee. The director of the pro- 
gram, Dr. Arnold B. Grobman, on leave 
from the University of Florida, is now 
at the University of Colorado in Boul- 
der, 


CHEM Study 


By J. A. Campbell 
Harvey Mudd College 


and Saul Geffner 
Forest Hills High School 


The Chemical Education Materials 
Study, or CHEM Study, was begun at 
the University of California early in 
1960 under the chairmanship of Dr. 
Glenn T. Seaborg, Chancellor of the 
University of California at Berkeley. 
It is directed by Dr. J. Arthur Camp- 
bell, Chairman of the Department of 
Chemistry at Harvey Mudd College in 
Claremont, California. 

The study recognizes the following 
problems that beset present high school 
courses in chemistry: 

1. The average course of study con- 
tent is generally outmoded, having 
undergone little or no change during 
the past half-century. The course con- 
tent generally represents a multiplicity 
of unrelated ideas, requiring the stu- 
dent to display prodigious feats of 
memory to insure mastery and under- 
standing. 

2. Present courses of study have 
failed to keep abreast of modern think- 
ing in chemistry. Such courses do not 
reflect the tremendous advances made 
in chemistry during the past two or 
three decades. Thus, much of what is 
being taught presently is either archaic 
or, what is even worse, incorrect. The 


student who continues his chemistry 
studies at college is required to un- 
learn considerable material before he 
can really go ahead. 

3. The laboratory program in the 
high schools is, in most instances, no 
better than minimal. This difficulty 
stems from the nature of the labora- 
tory experiments, the quality of the 
equipment used, and the unrealistic 
time allowance for such work. 

To meet the challenge posed by these 
problems, the CHEM Study has under- 
taken an investigation of various tech- 
niques which might be used to make 
the study of high school chemistry more 
meaningful. With the advice of a steer- 
ing committee, it was decided to pre- 
pare text material built upon laboratory 
exercises, all emphasizing the general 
theme that chemistry is an experimental 
science. To enhance the program fur- 
ther, it was decided to look into the 
possibility of producing appropriate 
films and writing monographs. 

During the last two weeks in June 
and for the entire month of July, a 
group of contributors met at Harvey 
Mudd College to prepare the textbook 
and laboratory materials. This group of 
nine high school teachers and seven 
college teachers was directed by Dr. 
George C. Pimentel of the University 
of California at Berkeley. As a guide 
in the preparation of these materials, 
the writing group adopted the follow- 
ing principles: 

1. Chemistry is an interesting and, 
to many, fascinatimg subject. But it 
should be studied thoroughly with un- 
derstanding, rather than superficially. 

2. The course should be built around 
modern chemical theory and develop a 
treatment which recognizes a few ma- 
jor unifying themes. 

3. Wherever possible, the role of ex- 
perimentation must be outlined and ap- 
propriately stressed, 

4. To enhance his understanding, the 
student should spend at least 20 per 
cent of his time in the laboratory. The 
selection of laboratory materials should 
relate very closely to the text. The role 
of measurement should be _ stressed 
whenever and wherever possible. 

A few chapter topics from the text 
listed below will reveal, to some extent, 
how items 1, 2, and 3 have been han- 
dled. The course begins with an ex- 
perimental approach, the study of a 
common chemical system—the burning 
candle. Unlike the traditional courses 
in high school chemistry, topics such as 
the following have been developed to 
insure some real insight into the nature 
of chemical change: 

1. Energy changes in chemical reac- 
tions. 

(Continued on page 8-T) 
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Basic reference works from 


Philosophical Library 


AEROSPACE DICTIONARY 


By Frank Gaynor. A complete guide to the new 
language of space exploration. with thousands of 
clear, concise entries. /ntroduction by Wernher 
von Braun, $6.00 


NEUTRON DETECTION 


By W. Allen. This book deals with a subject of 
first importance to nuclear physicists, beginning 
with a survey of basic principles, followed by 
chapters on reactions used, chief instruments of 
neulron detection, applications of detectors, 
and neutron standards. Extensive bibliography. 

$10.00 


SOIL ANIMALS 


By D. Keith McE. Kevan. An engrossing treatise 
on animal life in the soil, with photographs and 
drawings. $15.00 


THE STRUCTURE OF 
SCIENCE 


By Joseph H. Simons. A three-part exploration 
of science: its definition, basic concepts and re- 
lationships. and consequences. $4.75 


CLASSICS IN BIOLOGY 


Edited and introduced by Sir S. Zuckerman. A 
demonstration of the fundamental unity of all 
living things, by Mendel, Lister, Dahlberg. Wei- 
ner, Lady Mary Wortley Montagu, et al. $6.00 


CLASSICS IN SCIENCE 
Edited by E. N. da C. Andrade. A cohesive 


presentation of scientific ideas from the writings 
of Aristotle, Copernicus, Newton, Lavoisier, 
Darwin and many others. $6.00 


PROPERTIES OF MATTER 


By E. C. Champion and N, Davy. An enlarged 
edition of a standard text; the subject reori- 
ented from a philosophical point of view to 
atomic interpretations. $10.00 


THE STORY OF CHEMISTRY 


By George Lockemann. A completely new, com- 
prehensive history which not only includes the 
newest advances in nuclear chemistry but illu- 
mines ancient theories. $4.75 


MATHEMATICS 
REFRESHER 
By Kurt Wolter. A handy review book for all 


students and for those who use mathematics in 
their work. Illustrated. $3.75 


ATOMIC TERMINOLOGY 


Edited by Lore Lettenmeyer. A dictionary of 
essential terms in atomic and nuclear physics 
and associated fields. English-German-French- 
Italian. $6.00 


A SHORT DICTIONARY 
OF MATHEMATICS 
By C. H. McDowell. A highly practical diction- 
ary for everyday use, explaining all common 


terms in arithmetic, algebra, geometry and trig- 
onometry. $2.75 


CONCISE DICTIONARY 
OF SCIENCE 


By Frank Gaynor. A dictionary of standard and 
new terms in mathematics, physics, nucleonics, 
chemistry and geology. $10.00 


MATHEMATICAL TABLES 
AND FORMULAE 


By F. J. Camm. A handy compendium of the 
most used tables and formulae: interest, con- 
version, weights and measures, symbols, laws 
of physics, calculus, ete. $2.75 


DICTIONARY OF 
ASTRONOMY AND 
ASTRONAUTICS 
By Armand Spitz. Concise definitions of more 


than 2.200 terms and concepts, including those 
new to the space age. $6.00 


THE CHALLENGE OF 
SCIENCE EDUCATION 


Edited by Joseph S. Roucek and Howard B. 
Jacobson. A systematic survey and evaluation 
of the conflicting opinions on science education, 
by 34 distinguished experts. $10.00 


You can expedite shipment by enclosing remittance. 
PHILOSOPHICAL LIBRARY 


15 East 40th Street 
New York 16, N. Y. 
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Rates of chemical reactions. 

. Equilibrium in chemical reactions. 
. The structure of atoms and mole- 
cules (from an elementary energy level 
viewpoint). 

5. Periodicity of chemical properties 
and electronic structure. 

The laboratory program was directed 
by Dr. Lloyd Malm of the University 
of Utah, Laboratory experiments were 
designed to supplement the text, em- 
phasizing always the role of experimen- 
tation in the development of an idea. A 
study of the content of these expcri- 
ments will reveal the extent to which 
this goal has been achieved. 

The film program will, of course, re- 
quire much more time for completion. 
It is expected, however, that consid- 
erable progress will be made in this 
direction during the coming year, The 
preparation of monographs will await 
revisions of the text and thus little can 
be done in this area during 1960-61. 
Mr. David Ridgway is in charge of film 
production. 

The projected Chem Study course of 
study will be tried by 23 high schools 
in 1960-61. The 23 trial teachers spent 
the month of August at Harvey Mudd 
College discussing the course and try- 
ing out the materials. Most of this 
group, it is planned, will meet regularly 
during the school year to exchange ex- 
periences. The course materials will be 
tried out in average ability high school 
classes in chemistry. 

A first revision is planned during 
the summer of 1961 on the basis of 
recommendations by the trial teachers. 
Some _ teacher-training institutes will 
also be held during the summer of 1961 
to enable a larger number of teachers 
to study the revised materials and then 
use them during 1961-62. 


Co bo 


Chemical Bonds Approach 
By M. Kent Wilson 


Tufts University 

The Chemical Bond Approach Course 
(CBAC) for beginning chemistry stu- 
dents grew out of two conferences held 
by science educators in 1957 and 1958. 
The first of these, sponsored by the 
Weyerhaeuser Company, was held at 
Reed College, Portland, Oregon, in the 
summer of 1957. Some members of the 
1957 group met again at Wesleyan 
University, Middletown, Conn., during 
the following summer. At that time, 
plans were made ‘for a writing team to 
meet at Tufts University at Medford, 
Mass., in the summer of 1959. The writ- 
ing team at Tufts produced the first 
draft of the Chemical Bonds Approach 


Course. The course, in form of text and 
laboratory manual, was used for the 
first time on an experimental basis in 
about a dozen high schools and col- 
leges during the 1959-60 academic 
year. 

This summer, four institutes, spon- 
sored by the National Science Founda- 
tion, were held at Tufts for teachers in- 
terested in using this approach to the 
teaching of chemistry. A further grant 
from the NSF will enable a trial of the 
second version of the laboratory man- 
ual and text material to be made in 
about 70 schools. Roughly 6,000  stu- 
dents will be involved in this second 
trial year. 

The Chemical Bonds Curriculum has 
the concept of chemical bonding as its 
central theme. Throughout the course, 
attention is focused upon the physical 
and chemical properties imparted to 
substances by the various types of 
chemical bonds. And, conversely, stu- 
dents are made aware of the possibility 
of inferring the type of bonding pres- 
ent in molecules from observations of 
their physical and chemical properties. 

Chemists deal with aggregates of 
atoms. The properties of these aggre- 
gates are largely determined by the 
forces between atoms. In the Chemical 
Bond Approach, chemical bonds are di- 
vided into three model categories: 
covalent, ionic, and metallic. Since 
these prototype bonds seldom occur in 
nature, throughout the course consider- 
able attention is also given to inter- 
mediate bond types, such as the polar 
covalent bond. 

In the first version of the text, molec- 
ular geometry was introduced through 
the use of atomic and molecular or- 
bitals, including the concepts of hybrid- 
ization and resonance. This material is 
retained in modified form in the second 
version. However, it is now preceded 
by a discussion of mental model build- 
ing and the electrostatic “charge cloud” 
model of atomic and molecular struc- 
ture. The value of this model is that it 
can be based upon concepts close to 
the student’s experience and does not 
invoke the artificial introduction of hy- 
bridization early in the course. 

Throughout the course, emphasis is 
placed upon the usefulness and limita- 
tions of models of the physical world—a 
model is to be used as long as it pro- 
duces useful insights and predictions, 
and as long as no better model is avail- 
able. The various models of atomic and 
molecular structure are used _inter- 
changeably throughout the course. The 
choice of model depends upon which 
model yields the most satisfactory an- 
swer to the particular problem at hand. 

Students are led toward the realiza- 
tion that chemical and physical prop- 


erties are the result of the interplay of 
the ordering and disordering forces in 
the universe. Thus, con:iderable atten- 
tion is given to the concept of free 
energy and its role in determin’ng the 
course of chemical reactions. This ap- 
proach leads to an understanding of the 
fundamental premises behind the con- 
cepts of energy and structure. We be- 
lieve it should endow students with 
considerable predictive ability. Thus, 
descriptive material is introduced only 
where it amplifies the central theme. 
No attempt is made to list the prepara- 
tion and properties of all the com- 
pounds usually encountered in a begin- 
ning chemistry course. 

Laboratory work is central to any 
introductory chemistry course. Thus, 
considerable effort has gone into the 
design of laboratory experiments suit- 
able to the unique format of the Chem- 
ical Bond Approach Course. Although 
detailed directions are kept to a mini- 
mum, extensive pre-laboratory discus- 
sions are provided for and are frequently 
used. Generally, students are encour- 
aged to work out their own procedures 
other than following step-by-step in- 
structions. 

The Chemical Bonds Approach 
Course is still in its experimental stage. 
Last year’s experience with about 800 
students dictated considerable revision 
of the details of the first draft. It is 
anticipated that still further revision will 
result from the expanded trial during 
the 1960-61 school year. So far, the 
experience of students and _ teachers 
seems to bear out the expectation that 
CBAC, although somewhat demanding, 
is understandable and of real interest 
to the average student electing to take 
high school chemistry. An examination 
program is being developed to obtain 
more systematic information about 
achievement of students in this course. 

e 


VIEW FROM MICHIGAN 


High school teachers are vital in 
training scientists, according to Univer- 
sity of Michigan scientists. 

Dr. William E. Howard, astronomer, 
said “the first steps are often made in 
junior high. And if the student is not 
given good high school science courses 
and guidance, he may be lost to science. 
The teacher must keep the student’s 


scientific interest alive in high school.” 


Physics Professor W. Wallace McCor- 
mick suggested it may be a mistake 
when “both high school and college 
physics rapidly survey a large number 
of the same topics.” 

Chemistry Professor Robert W. Parry 
emphasized the importance of commu- 
nication skills. He said college students 
have great difficulty in these areas. 
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worth a thousand words... q 


Let your students see science in action 

for themselves with these laboratory-proved 
educational instruments by 

Bausch & Lomb. They'll understand 
better, faster—be eager 
to learn more. 


g B&L STANDARD TEACHING* MICROSCOPES. Standard size and operation; sturdy, 
ioe 


aa 
precision construction at school budget prices. dy U B&LSTEREOZOOM* MICROSCOPES with 


* 
J 
a>} 


continuously variable or fixed magnification. Colorful, erect 3-D images give new life to any subject. 


B&L MACROSCOPES* are ideal for gross studies, field trips, dissection. Easy focus, large 
& 


field of view with 10x, 20x, or 40X magnification. f TRI-SIMPLEX* MICRO-PROJECTOR 
~ 


prepares students for individual microscope study. Projects slides or live specimens to wall screen 





or to table-top for tracing. ahs BALOPTICON* PROJECTORS give big, bright, lasting views 
of slides, opaque objects, even chemical reactions. | B&L SPECTROSCOPES. Basic chemical 
analysis tools; show spectra of elements. STUDENT-PROOF construction of all instruments gives 
years of service at a cost to fit any school budget. WRITE for Catalog E-152; demonstration on 


request. No obligation, of course. Bausch & Lomb Incorporated, 


BAUSCH 6 LOMB 





80909 Bausch Street, Rochester 2, New York. Vv 


*Trademark, Bausch & Lomb Incorporated, 
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Using Science World in Your Teaching 


The Earth’s Gravity (pp. 6-9) 


Physics Topics: Mass, Newton’s law of 
gravitation, measurement of gravity, 
centrifugal force, acceleration of 
gravity, the pendulum, the metric 
system. 

Earth Science Topic: The shape of the 
Earth. 


Vocational Guidance: Geophysicist 


About This Article 

To most people the word gal is slang 
for girl; to a geophysicist, it is the name 
of the unit used to express the force of 
gravity. The article describes a variety 
of methods and instruments used to 
measure this force—calculations from ac- 
celeration of gravity, the pendulum, the 
invar gravimeter, and an unusual instru- 
ment made up of six pendulums that 
is usually used in submarines. 

When gravity is measured with suffi- 
cient precision, some unsuspected phe- 
nomena are observed. For example, an 
Olympic broadjumper or javelin thrower 
performs better in Rome than he could 
in Helsinki. The difference in weight be- 
tween an object at the Equator and the 
same object over the North Pole is 
greater than can be explained by the 
fact that the Earth is flattened at the 
poles. The article describes and explains 
a series of such phenomena and shows 
how, through gravimetry, the shape ot 
the Earth and its structure can be ex- 
plored. In the sixteenth century, Galileo 
measured gravity by dropping an ob- 
ject from a height. It is significant that 
today the U. S. Bureau of Standards 
does the same thing, but uses more re- 
fined methods of measuring the object’s 
fall. 

As supplementary reading in connec- 
tion with related topics in the physics 
course (see list at the head of this re- 
view), the article serves two educa- 
tional purposes: (1) it renders quanti- 
tative the concept of gravity, and (2) it 
shows how the measurement of gravity 
can be applied to problems of theoreti- 
cal interest and practical importance. 


Questions for Class Review, Reports, and 

Discussion 

1. Where is the world station tor 
standardizing the measurement of grav- 
ity? What is the value of gravity at that 
station? Explain deviations from that 
value (a) near the poles of the Earth, 
(b) near the Equator, (c) on top of a 
mountain. 

2. Gravity may vary at different spots 
on the Earth—explain. 

3. How does the 


rotation of the 


Earth affect the force of gravity? 

4. How is a pendulum used to meas- 
ure the force of gravity? 

5. Describe the Vening-Meinesz grav- 
ity meter; how is it used? 
6. Describe the invar 

state its advantages. 

7. What is the most direct way of 
measuring gravity? 

8. How much gravitational force is 
lost when an object is lifted from sea 
level to a height of 1,000 ft. above? 

9. The force of gravity on an object 
over the ocean has been found to be 
about the same as the force over a land 
mass. Explain the statement. 

10. “A plumb line will always hang 
perpendicular to a geoid.” Define the 
word “geoid” and explain the statement. 


gravimeter; 


Light and Life (pp. 10-13) 


Biology Topics: Photoperiodism, photo- 
synthesis, phototropism, plant  hor- 
mones, animal hormones, animal mi- 
gration, hibernation, life cycle of 
aphids. 

Physics Topics: The light spectrum, ab- 
sorption and reflection of light. 


About This Article 

The effects of light on life in some 
of its most delicate nuances are des- 
cribed in a way that tells not merely 
what is known, but how it was found 
out. 

The author gives the history of 
studies in phototropism from the simple 
but elegant experiments of Darwin, 
through the classic investigations of P. 
Boysen-Jensen, Went, and Koegel, right 
up to the recent work of Labouriau 
and Galston at Yale. The story of these 
investigations moves along smoothly 
and is told with admirable lucidity, No 
less scholarly, detailed, smooth, and 
lucid is the story of photosynthesis re- 
search that follows, which includes the 
recent work of Arnon at Berkeley. 

To continue this intellectual feast, 
the article reviews research studies in 
photoperiodicity in plants and animals. 
These research studies include force- 
flowering, nesting and migration, hiber- 
nation, and the life cycle of aphids. 

The article is truly epic in its sweep 
and proportion. Students reading it will 
share vicariously in the excitement ex- 
perienced by those engaged in biologi- 
cal research. 

Topics for Reports and Class Discussion 

1. Give the nationality and describe 
the discovery of each of the following 
scientists who were involved in research 


dealing with phototropism: (a) Charles 
Darwin, (b) P. Boysen-Jensen, (c) 
Frits Went, (d) Fritz Koegel, (e) Drs. 
Labouriau and Galston. 

2. Describe the experimental work 
leading to the discovery of the “light 
reaction” and the “dark reaction” in 
photosynthesis. 

3. Following are two pigments found 
in plants or animals, For each (a) state 
its role in the life of the organisms in 
which it is found, and (b) describe an 
experiment by which its role was dis- 
covered: chlorophyll, phytochrome. 

4. Describe the experiment by which 
Dr. A. D. Lees caused aphids to lay 
eggs. What hypothesis does Dr. Lees 
advance to explain the results of his 
experiment? 


Glue of Matter (pp. 14-17) 


Physics Topics: Nucleons, atomic struc- 
ture, cohesion, capillarity, crystal 
structure. 


About This Article 

The word “glue” refers to the forces 
that hold matter together. The article 
reviews experimental work with—and 
theoretical concepts of—two categories 
of forces: (1) those responsible for the 
mutual attraction of molecules that give 
rise to such phenomena as adhesion, 
cohesion, capillarity, etc.; and (2) those 
that hold together protons and protons, 
neutrons and neutrons, protons and 
neutrons in the nucleus of an atom. It 
is the forces of the second category that 
still bafle atomic physicists and are the 
subject of experimentation with nu- 
cleons shot out of accelerators. Factors 
that led Yukawa to postulate the exist- 
ence of the meson are presented, and 
methods are described by which the 
existence of this particle was confirmed, 
Finally, the author describes experi- 
ments through which nuclear forces 
are currently being studied. 


Topics for Class Reports and Discussion 

1. An experiment to measure the at- 
traction between molecules is described 
in this article. What difficulties were 
encountered in the performance of this 
experiment, and how was each difficulty 
overcome? 

2. “Ail the forces with which we are 
familiar—electromagnetic, electrostatic, 
and _ gravitational—indicate_ that the 
particles in the atomic nucleus should 
fly apart from each other.” Discuss this 
statement as applied to the atomic nu- 
cleus as we conceive of it at present. 

(Continued on page 13-T) 
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This plane is flying above a hurricane. 
The cloud formation circles into the eye 
_of the hurricane, above the plane’s tail. 





( from NEW BASIC WEATHER 
described at right below 


A simple station. ma’ 
| the rocket which carries the cr 
and materials into orbit. ” 


from SPACE AND SPACE TRAVEL 
described at right 





Generator 


The small reactor now used on 
submarines is being adapted to run 
locomotives, ships, and airplanes. 





from SCIENCE FOR BETTER LIVING 


described at right 


from PHYSICS FOR TODAY described at right 





made trom 
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the subject. 
From Official U.S. 


Navy Photograph of the world. 





25 exceptional SVE filmstrips in all. 
an educational authority . 
curriculum areas in the Sciences! 


110 


frames, in all 5 series. 


4 important SVE series supply a wealth of timely, 

Science material ... 

III. Interesting pictures convey important facts rapidly and well 
. while key words and phrases explain and integrate them into 

Help your boys and girls develop keener interest and 

understanding of the forces, materials, processes, and living things 


to Improve Instruction in 


SCIENCE 


Command Attention in FULL COLOR 
Clarify Difficult Points 
Stimulate Interest . 

Encourage Extra Study, Experiments 


Discussion 


up-to-date 
all recommended for purchase under Title 


Each is carefully organized in unified detail by 
. providing full, but clear and simple coverage of large 


Interesting photos, authentic drawings, original dia- 
grams, and thought-provoking captions give each student a deeper understand- 


ing of basic elements, factors, causes, and effects without a tangling depth of technical 


detail. Attention compelling . . 


Gr. 6-9 NEW BASIC WEATHER SERIES 

JUST RELEASED! Now, an exciting new full 
color weather series. Beautiful photos, 
original diagrams, and captions. Weather 
phenomena, changes, climate explained in 
easy-to-grasp science terms. Stimulates in- 
dependent interest in weather reports and 
maps. 30 to 39 frames each. Title III 
recommended. 

Z421 1—NEW Why Does The Wind Blow? $5.50 
Z42| 2—NEW Why Does The Weather 


RIE sicccsracouccueaueppsesdsisersumiioses 5.50 
Z42| 3—NEW Why The Seasons?.............. 5.50 
Z42! 4—NEW Why Does It Rain, Snow, 

Ps I csscactscucaciisecemninencanss 5.50 
Z421 S—SAVE $2.20, ALL 4 filmstrips, 

SIE scsi cov cesconcsnnsiniededentvenevens $19.80 


Gr.7-9 SCIENCE FOR BETTER LIVING 
Provocative science concepts. Authentic 
drawings and original diagrams in full 
color. Problem frames, technical explana- 
tions, and interesting easy-to-understand 
captions. Correlated with leading text- 
books. 33 to 38 frames each. HARBRACE 
FILMSTRIPS. Title III recommended. 
IID sent cusses eseseVeg ak tndecedsveseneonexccavemtesrioees $5.50 
ZS |—THE SCIENTIST—His Way, Your Way 
ZS 2—YOUR LIFE STREAM—Blood Stream 
ZS 3—NEIGHBORS IN SPACE 
ZS 4—WEATHER—Clouds, Rain, and Lightning 
ZS 5—ATOMS YOU WILL USE—Power Source 
ZS 6—GREEN PLANTS—Food Factories for World 
ZS 7—ENERGY UNLIMITED—Chemical, Solar, 
Electrical 

ZS 8—CALLING YOUR NEIGHBOR—Communications 
ZS 100S—SAVE $4.50, ALL 8 filmstrips, 

SS etter $39.50 








. quickly and readily grasped! 


Gr.6&up SPACE AND SPACE TRAVEL 


NEW! Students today . astronauts to- 
morrow! Timely science for students eager 
to understand today’s news. Clarifies puz- 
zling questions. Intriguing photos, dia- 
grams, easy-to-understand captions show 
current and future aspects of man’s con- 
quest of space. 41 to 52 frames each. Title 
III recommended. 


Z484 |—LEAVING THE WORLD.................. $6 
Z484 2—CURRENT EVENTS IN SPACE............ 6 
Z484 3—MAN IN SPACE............:cscssccseseeseneees 6 


Z484 4—SPACE TRAVEL A.D. 2000...........0000 
Z484 S—SAVE $2.40, ALL 4, boxed 





Gr. 9-12 PHYSICS FOR TODAY 
Authentic illustrations jn full color with 
interesting captions clarify basic principles 
of elementary physics, treated in leading 
textbooks. Problem-solving approach stim- 
ulates class participation. Author: Dr. J 
W. Renner, Associate Executive Secretary, 
(NSTA), National Science Teachers As- 
sociation, Washington, D.C. 44-68 frames 
each. Title III recommended. Each........ $6 
Z482 I—NEWTON’S LAWS OF — 

7482 2—PRINCIPLES OF FLUID 

2482 3—HEAT AND HOW IT is MEASURED 

Z482 4—SOUND WAVES 

2482 5—STATIC ELECTRICITY 

Z482 6—ELECTRICAL CIRCUITS 

7482 7—PRINCIPLES, MOTORS AND GENERATORS 
Z482 8—LIGHT AND HOW IT IS REFLECTED 

2482 9—LIGHT AND HOW IT IS REFRACTED 
Z482 S—SAVE $5.40, ALL 9, boxed $48 





" iiaemdeatacia tai ALL ORDERS SHIPPED THE SAME DAY RECEIVED aeee om oe oe ee oe ey 


1 SOCIETY FOR VISUAL EDUCATION, INC. 
1345 Diversey Pkwy., Dept.590AChicago 14, Ill. 
FILL IN NUMBERS HERE CORRESPONDING TO TITLES DESIRED 








Jl enclose $. C0 Send on 15-DAY APPROVAL. 

| Suggested billing date: 
Name Title 
School 








School Address 


SOCIETY FOR VISUAL EDUCATION, INC. 





City Zone 











State 
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SPONSORED BY SCHOLASTIC BOOK SERVICES 
A DIVISION OF SCHOLASTIC MAGAZINES INC. 
33 WEST 42 STREET NEW YORK 36, N.Y. 


SCIENCE WORLD BOOK CLUB—A NEW 






DIMENSION IN SCIENCE TEACHING fe 


The editors of Science World and Scholastic Book Services take pleasure in 
announcing a unique reading plan for science students—SCIENCE WORLD Book 
CLuB. Six times this school year your classes can benefit from superior paper- 
back books, selected by experts and offered at discount prices! 





ABOUT THE SELECTIONS... 


The September-October SCIENCE WoRLD 
Book CLuB offer embraces every reading 
range from grades seven through twelve. 
Roughly, these twenty selections may be 
put into three categories: 1) Junior high 
and General Science Reading; 2) Intermedi- 
ate Reading; and 3) Advanced Reading. 
These classifications will help you to guide 
your readers to the books that will interest 
and benefit them most. 


Junior High Reading: 

X-15, Martin Caidin (64 pp.) 
Scholastic/ Hammond World Atlas (64 pp.) 
Fun With Chemistry, Mae & Ira Freeman 
(64 pp.) 

Magic House of Numbers, Adler (126 pp.) 
Codes and Secret Writing, Zim (115 pp.) 


Advanced Reading: 
Slide Rule—How to Use It, Bishop (149 


pp.) 
The Crust of the Earth, Rapport & Wright, 
(224 pp.) 


The Chemical Elements, Davis (198 PP p.) 
One Two Three .. . Infinity, Gamow (318 


pp.) 
The Sea Around Us, Carson (176 pp.) 


The Anvil of Civilization, Cottrell (256 
pp.) 

The Universe and Dr. Einstein, Barnett 
(128 pp.) 


The remaining eight selections are of Inter- 
mediate Reading range. 


Notes on Individual Selections 


Eleven Blue Men and The Sea Around 
Us were originally published as series in 
New Yorker magazine .. . White Witch 
Doctor, a novel about a young missionary, 
deals with the practice of medicine under 
trying conditions ... The Air Force Blue 
Book sells regularly for $1.50... Fun 
With Chemistry and The Chemical Ele- 
ments represent the coverage of one area at 
different levels—the first as an introduction 
for junior high students, and the second for 
advanced students in high school. 


Science Leaders Acclaim New Service 


Each of the six book offers will contain 
15 stimulating titles (with an introductory 
offer of 20 titles) in all major areas of sci- 
ence, and will include biography, project 
books, reference books and science-fiction. 
Here, for students of every science interest, 
are thought-provoking, inspirational titles 
of substance and repute. 


All titles are screened by an Editorial 
Board of scientists and educators—two of 
whom are profiled on this page—to assure 
both scientific validity and readability. Also, 
most books are offered at approximately 
10% below list price! 


SCIENCE WoRLD Book CLUB is easy to op- 
erate—in fact, most of the Club’s details car. 
be turned over to a student secretary and an 
assistant. The colorful Club News—in the 
student section of this SW issue—descrives 
all selections and includes an individual or- 
der coupon for student use. 

Don’t miss this opportunity to add new 
perspective and depth to your students’ un- 
derstanding and appreciation of science. 





To bring information and inspiration to 
thousands of young potential scientists, the 
Science World Book Club will serve a new and 
useful purpose. Let us hope that it will also 
enhance the growth of science clubs, science 
fairs, and encourage scientific experimentation 
and hobby activities both in school and out. 


Congratulations on your new Science World Book 
Club. From my travels and talks with teachers, 
I have the firm feeling that supplementary 
reading is entering more and more into the 
teaching and learning of science. The project 
you are launching will be a real professional 
service to students and teachers alike. 


WW 





Watson Davis, Director 
Science Service 


daw Pave lecbat #. (anloton 


Robert H. Carleton 
Executive Secretary 
National Science Teachers Association 

















SW BOOK CLUB EDITORIAL BOARD 


Among the members of the Editoria] 
Board—announced this month by W. D 
Boutwell, Director of Scholastic Book Serv- 
ices—are these two eminent leaders in the 
field of science education: 


Dr. Glenn 0. Blough: Profes- 
sor of Education, University 
of Maryland; former Special- 
ist in Science, U.S. Office of 
Education; author; past pres- 
ident of National Science 
Teachers Assn. 





Dr. Donald G. Decker: Dean 
of Colorado State College of 
Education, Greeley; member, 
National Commission on Ed- 
ucation in the Basic Sciences; 
past president of National 
Science Teachers Assn. 





Data on additional members of the Edi- 
torial Board will appear in next month’s 
Teacher Edition of Science World. 





ANSWER TO PUZZLE IN STUDENT NEWS 


Make four cuts as shown in drawing. Triangles cut from 
each arm of cross will fit into spaces between arms. 








How to Order 


The convenient envelope-Order Form 
(inserted at right) makes ordering simple. 
You—or a secretary appointed from the 
class—need merely follow these easy steps: 

1. Assemble all individual order coupon 
clipped from the Club News in the studen 
edition. 

2. Total the number requested of each 
title, and enter it on the Order Form. 
(Please note: the minimum order is 15 
books. ) 

3. Determine the number of books at 
— indicated and enter on lines A; B, C 
an 

4. Check your figures, enclose a check or 
money order (no cash, please!), and mail. 

Within 48 hours after we receive your 
order, your books will be shipped postpaid. 
Approximate delivery time: two weeks. 
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“The pressure of a as 





varies inversely 
























with its velocity” 


Bernoulli’s theorem: An 18th century 
physical law that helps make 20th 

century cars go. 

Look at an automobile’s earburetor. Seems complicated 


doesn't it? Actually the idea is quite simple and based on an 
old physical law. You can see the prin iple at work by laying 


a small piece of paper on a desk and blowing a stream of air ' 
across it. The paper will lift from the desk. The speed of the 
air moving across the paper creates a “vacuum” — less air 
pressure—and the greater air pressure beneath causes the 
paper to rise. 

This is Bernoulli's law in action and a basis of the modern 
carburetor. Thanks to Daniel Bernoulli—and to the dedicated 
scientists and engineers at the Ford Research Laboratories | 
who have found better ways to use his discovery—today, the 
Ford Family of Fine Cars carry bigger loads faster, farther, 
with less fuss, and do it on less gasoline than ever before. 
How the carburetor works in the 
Ford Family of Fine Cars: 

1, Up-and-down stroke of the pistons creates a pumping ; 
action, drawing outside air into carburetor. 
2. The carburetor throat speeds up the incoming air because 
of the smaller opening in the passage. 

3. Since the air is moving faster at the throat, a “vacuum” 

is created (Bernoulli’s law), and this draws droplets of 


gasoline into the carburetor through tiny jets. These drop- 
lets, or fuel vapor, are then mixed with the incoming air to 
form a balanced mixture that will explode in the cylinders to 
produce power. 


FORD MOTOR COMPANY 


The American Road, Dearborn, Michigan 












CARBURETOR 
THROAT 


. 


FUEL VAPOR — 
AND. AiR TO He °® 3,3 @ THROTTLE PLATE 
CYLINDER " 






FORD FAMILY OF FINE CARS 
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SAY, CHIP, HERE'S 
A GOOD ITEM FRON 
BELL TELEPHONE 
LABORATORIES 


Chip |. 


> FRANKLIN 


TECH 
oe. ORUER) TBM paiwy NEWS | 


THE SHIP THAT 
NEVER GOES 





EDITOR 


















S.S. FANTASTIC — 
HM, SOUNDS LIKE 

A NATURAL FOR MY 
SCIENCE SERIES. 








SO CHIP DRIVES TO THE BELL TELEPHONE LABORATORIES 
AND SEES THE “S.S. FANTASTIC.“ 
















YES, CHIP, IT'S A 
FULL-SIZE MODEL OF 
PART OF A CABLE - 
LAYING SHIP! 









HOW MANY 
KNOTS WILL 
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WERE PERFORMED ABOARD A SHIP AT SEA...” 


ae 
* _.BEFORE THE ‘FANTASTIC’ WAS BUILT, CABLE EXPERIMENTS j 
{ WHAT A SPOT FOR 















aN (4) 
\ ey 








WORK WE’RE DOING ON CABLE RESEARCH, \ 
CHIP. OTHER SCIENTISTS ARE WORKING 
TO DISCOVER AND ELIMINATE ANY 
DANGERS TO OUR TELEPHONE CABLE 
THAT MAY BE FOUND ON THE 
OCEAN BOTTOM. 



















HERE WE WORK WITH 
NAVAL ARCHITECTS TO 
IMPROVE THE DESIGN 
OF CABLE -LAYING 
SHIPS. 
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--SO CHIP WENT 
BACK TO HIS 
TYPEWRITER AND 
WROTE HIS STORY... 





TISTS / 
THIS S 
Ip? IT HELPS US 













TO FIND BETTER 
WAYS TO STORE, 
HANDLE AND 
PAY OUT UNDERSEA 
TELEPHONE CABLE. 










































Record-breaking Atlas missile billows flame and vapor as she launches satellite into orbit. 


130 tons of missile with a skin 
thinner than a window pane! 


The Nickel Stainless Steel skin of 
the Atlas missile is actually about 
one-third as thick as the glass in 
your window. 


And yet look what this skin does: 


e It is the sole structural framework 
for Atlas—130 tons of dead weight 
at the moment of firing. 


e It serves as the wall of the propel- 
lant tanks in Atlas’ weight-saving 
design. 

e It withstands the deep chill of 
liquid oxygen (—297°F) . the 
high heat of supersonic speed 
(400°F-600°F). 

...and it is less than 1/25 of an inch 
thick! 

No wonder they call stainless the 
space-age metal. No wonder engi- 


neers turn more and more to Nickel 
Stainless Steel as temperatures rise 
... as speeds soar... as demands get 
more and more severe. 

But space is only one of the new 
worlds science is penetrating, and 
not even the newest. Witness man’s 
35,805-foot dive into the depths of 
the Marianas Trench in the Pacific. 
Or his exploration of deep cold. Of 
super pressures. Of ultrasonics. 

Before the manipulation of such 
new environments can even be con- 
sidered, scientists and engineers 
need to know exactly what happens 


to metals under extreme conditions. 
Inco Research a source of such data 
Quite often, Inco Research has 
already developed the information 
needed and has it neatly filed and 
cross indexed. Ready for use. In 
several instances, when a new alloy 
was needed, barrier breakers have 
found it already developed and 
tested by Inco Research. 
Remember Inco Research when, 
in the future, you encounter severe 
new conditions and need useful data. 
The International Nickel Company, Ine. 


New York 5, N. Y. 


jo, International Nickel 


The International Nickel Company, Inc., is the U.S. affiliate of the International Nickel 


Company of Canada, Limited. (Ineo-Canada) - 


producer of Inco Nickel, Copper, Cobalt, 


Iron Ore, Tellurium, Selenium, Sulfur and Platinum, Palladium and Other Precious Metals. 






















ons. 


data 
has 
tion 
and 
In 
lloy 
lave 
and 


hen, 
vere 
jata. 


Ine. 


ickel 
balt, 
tals, 

















mevone Sens = 


a 


—EE 









1960. 


Ohio. Contents copyright. 


authorized at Dayton, 


1g the school year September through May. Second-class mail privileges 


16 times duri 


published fortnightly, 


SUBSCRIPTION PRICES: $1.50 


SCIENCE WORLD, EDITION II 





Printed 
La 


15 cents 


Single copy, 


Single subscription, Teacher's Edition. $2.00 a school year. 


each 


$1.00 a semester 


and Editorial 


1 


c 


a school vear each, 


Inc. 
Publication, 


Scholastic Magazines, 


in U 


by 


ca? 447 


Pe 
Siinee 
Srgnycee 


mE 


New York 36, 


33 West 42nd St., 


SCIENCE WORLD, 


Offices, 


General 


1, Ohio 


of McCali St., Dayton 


A. Office 


Ss 


SEPTEMBER 28, 





SEPT. 28,1960 » VOL. 8 + NO. 2 


ScIENCE WORLD 


A SCHOLASTIC MAGAZINE + EDITION 2 









Published with the official cooperation of the National Science Teachers Association 


The Staff 


Epiroriat Director: Eric Berger 
Associate Epitors: William Deering, 
Simon Dresner; Assistant Epitor: Fredric Appel 
Art Director: Nicholas Kochansky 
Art Eprtor: Sam Ruvidich 
Propuction Eprror: Sarah McC. Gorman 
LisrartaAn: Lavinia Dobler 
PxHoto Epiror: Lucy Evankow 
SCIENCE TEACHER’s WorLD: 
Teaching Guide Editor: Dr. Zachariah 
Subarsky, Bronx High School of Science 


ContripuTiInG Eprrors: Dr. Alexander Joseph; 
Dr. Theodore Benjamin; Dr. John H. Woodburn 


ADVERTISING REPRESENTATIVE: William J. Curran 


Editorial Executive Staff 
for Scholastic Magazines 


Maurice R. Robinson, President and Publisher 

Dr. John W. Studebaker, Chairman of the 
Editorial Board 

Jack K. Lippert, Executive Editor 

Kenneth M. Gould, Editor Emeritus 


Business Executive Staff 

for Scholastic Magazines 
G. Herbert McCracken, Senior Vice-President 
Don Layman, Vice-President, Advertising 
Advertising Dept.: Ken Hall, Assistant Director; 
Arthur Neiman, Manager; Clayton Westland, East- 
ern Manager; John Carter, Promotion; M. R. 
Tennerstedt, Chicago Manager; C. C. Pendray, 
Detroit Manager. 
Administration: Agnes Laurino, Treasurer and 
Business Manager; C. Elwood Drake, Associate 
Director of Field Service: John P. Spaulding, 
Promotion Manager; Richard V. Holahan, Manu- 
facturing Manager; Paul King. Director of 
Personnel. 


Science World Advisory Board 


Dr. Sam S. Blane,* Gove Junior High School, 
Denver, Colo. 

Dr. Hilary Deason, American Association for the 
Advancement of Science, Washington, D. C. 

Dr. Watson Davis, Science Service, 
Washington, D.C. 

Mr. Saul Geffner. Forest Hills High School, 
New York City 

Mr. Alan Humphreys, University of Texas, 
Austin, Tex. 

Dr. Alexander Joseph, 
New York City 

Dr. Morris Meister, President, Bronx Community 
College, New York City 

Miss Anne E. Nesbit,* South Junior High 
School, Pittsfield, Mass. 

Dr. Ellsworth S. Obourn, Specialist for Science, 
U. S. Office of Education, Washington, D. C. 

Dr. Randall M. Whaley, School of Science Education 
and Humanities, Purdue University, Lafayette, Ind. 

Dr. Stanley E. Williamson,* Oregon State 
College, Corvallis, Ore. 


3ronx Community College, 


*Representing the National Science Teachers Association. 





1960 





CON TENTS 


Features 

Earth’s Gravity—How It Is Measured 6 
by Simon Dresner 

Light and Life 10 


by William Richards 
The “Glue” of Matter 14 
by Michael Dadin 
Science in the News 18 
Today’s Scientists 20 
Dr. Albert Sabin— 
Virus Hunter 


Tomorrow’s Scientists 21 
Projects by Sarah Johnson and David Schubert 


Departments 

Project Pointers 25 
by Alexander Joseph 

The Processes of Science 26 
by Theodore Benjamin 

Brain Teasers 27 
Letters 30 
Crossword Puzzle 35 


Project Information Exchange 
ject Information Exchang 

Science World offers a new service—the “Project 
Information Exchange.” 

Here’s how to use the Information Exchange. 

Suppose you need information for your project 
and are unable to find it. You have used the card 
catalogues at the school and public libraries and 
have asked the reference librarians for help. You 
have asked your teachers and some of the local 
business and professional men, but no one seems 
to have the answer to your problem. Try the 
“Information Exchange.” 

Write your problem on a post card together with 
your name, age, grade, school, and home ad- 
dress. Send the card to “Project Information Ex- 
change,” Science World, 33 West 42nd Street, 
New York 36, New York. One of our readers may 
have met and solved a similar problem, and prob- 
ably will be glad to share his information with 
you. And you may be able to help someone else. 

Keep your eye on the “Exchange” for a chance 
to help your fellow scientists. 















4 





7# 


et 


ie? 
= 
> 


NASA photo 


FTER four years of hard train- 
ing since the Olympic Games 
were held in Melbourne, Australia, in 
1956, the Olympic athletes tried in 
Rome this month to break previous 
records—by ten meters or one cen- 
timeter. Track and field men ana- 
lyzed their sport to extract the last 
measure of performance from them- 
selves. But one factor, generally 
overlooked, could be the cause of 
failure or success in setting new 
world’s records: This factor is none 
other than the Earth’s gravity. 

Javelin throwers, high jumpers, 
and pole vaulters strain against the 
Earth’s gravity to add a few centi- 
meters to the previous record. But 
what if the Earth’s gravity were to 
vary from place to place? Then an 
athlete using the same effort and 
skill would set different records in 
different places—determined by the 
pull of gravity. The pull of gravity 
is usually assumed to be the same 
everywhere on Earth. Actually, the 
pull of gravity is not the same every- 
where. 

The pull of gravity is strongest at 
the poles and weakest at the Equa- 
tor. This difference is sufficient to 
suggest adjusting track and _ field 
records for different latitudes. For 
example, other things being equal, 
we should expect jumpers to jump 
higher and javelin throwers to hurl 
the javelin farther at the Rome 
Olympics (lat. 41.9) than they did in 
the 1952 games at Helsinki, Finland 
(lat. 60.2). 

If we make corrections for the 
smaller pull of gravity at Rome, be- 
cause of its location closer to the 
Equator, we can calculate that the 
world’s javelin record (8,041 cen- 
timeters) would go 12.38 centimeters 
farther at Rome than at Helsinki; the 
hammer throw would go 11.27 centi- 
meters farther for a new record at 
6,416.27 centimeters—if they were 
hurled with the same velocity at 
both places. 


Where a centimeter or more may 
make or break a world’s record, this 
gravity variation makes necessary a 
significant correction. Some day these 
corrections may be made by Olympic 
officials. A glance at the table of 
athletic records (p. 8) shows that 
the pull of gravity varies by about 
five parts in a thousand from the 
poles to the Equator. 

The pull of gravity as measured 
over the Earth’s surface varies from 
a low of 977 gals to a high of 983 
gals. A gal is a unit of gravity, named 
in honor of Galileo, who experi- 
mented with gravity by dropping 
cannon balls from the leaning tower 
of Pisa. 


Measure of Gravity 


Galileo found by experiment, or 
perhaps by simple reasoning, that 
the force of gravity accelerates all 
free-falling objects at the same rate. 
This acceleration is constant for all 
objects whether heavy or light, and 
is a direct measure of the force of 
gravity. 





By SIMON DRESNER 


The gal unit expresses the force of 
gravity in terms of the acceleration 
of one centimeter per second, per 
second, written 1 cm/sec.’. 

Most gravity measurements are 
compared to those taken at the 
world-standard station, the observa- 
tory at Potsdam, Germany. Pains- 
taking measurements carried out 
there have established the value of 
gravity as 981.274 gals. This means 
that at Potsdam a falling body would 
increase in speed at the rate of 981.- 
274 centimeters per every 
second. 

However, at the North Pole this 
figure would be slightly higher, and 
at the Equator slightly lower. To 
explain this variation in the force of 
gravity, we must refer to Newton's 
Law of Universal Gravitation. The 
law states that the gravitational force 
between two bodies varies according 
to the product of the masses divided 
by the square of the distance be- 
tween the two masses, measured 
from the center of each mass. The 
farther apart the masses are, the less 


second 


Six-pendulum instrument (above) measures gravity over the oceans, and cancels out 
motion of ship. Used in submarines submerged to depths where effect of waves is not 
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GRAVITY sent 


HOW IT 
IS 


By measuring this force, scientists discover new clues to the Earth’s structure 


the gravitational pull on each other. 
Also, the greater the mass of the 
bodies, the greater the attraction be- 
tween them. 

In a ball of matter such as the 
Earth, the gravitational pull behaves 
as if the entire mass of the Earth 
were concentrated at its center. Thus, 
some variations in the force of grav- 
ity are due to the irregular shape of 
the Earth. One irregularity is the 
flattening at the poles. Scientists have 


- found that the distance to the center 


of the Earth is about thirteen miles 
less at the poles than at the Equator. 
This is a difference of only one third 
of one per cent in the Earth’s 4,000- 
mile radius. But according to New- 
ton’s law, the pull of gravity at the 
poles would be greater, since the 
location is closer to the center of 
the Earth. Measurements of the orbit 


| of Vanguard I, launched in 1958 and 


still transmitting information, con- 
firm the irregular shape of the Earth. 

If the surface of the Earth were 
smooth, it would be comparatively 
simple to analyze gravity measure- 
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felt, the device is being adjusted by Dr. F. Worzel of Lamont 
§Seological Observatory, N. Y. Motion of pendulums (six in all) 
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ments. But the Earth’s surface is ir- 
regular, broken by mountains, plains, 
and oceans. All these masses of 
matter affect the pull of gravity, de- 
pending on their density and their 
altitude, according to Newton’s law. 
Also, the interior of the Earth is com- 
posed of various materials in concen- 
tric layers, like a golf ball. The 
density of these materials varies 
from place to place. These masses of 
buried matter exert varying gravita- 
tional force on objects at the surface. 
For example, a layer of heavy gran- 
ite underground would be responsi- 
ble for more gravitational force than 
a layer of light porous rock or clay 
underground. 


Effect of Rotation 


Slight variations in gravity also 
are caused by the gravitational at- 
traction of the sun and moon, and by 
the changing depth and curvature of 
the ocean surface caused by the 
tides. 

Another small but important varia- 


tion in the force of the Earth’s 
gravity is caused by the rotation of 
the Earth. Objects at the surface of 
our spinning Earth tend to fly off 
into space due to centrifugal force, 
for objects moving in circular paths 
tend to move away from the center 
of their motion. Thus the direction 
of force at the surface of the Earth 
is away from the Earth’s axis and 
has the effect of opposing the Earth’s 
gravity (except at the poles). Scien- 
tists suppose that if all gravitational 
attraction should suddenly cease, all 
objects on the Earth’s surface would 
be expelled into space. 

Centrifugal force depends on the 
distance of the object from the 
Earth’s axis of rotation. The farther 
an object lies from the axis, as at the 
Equator, the stronger is the centri- 
fugal force. Centrifugal force van- 
ishes altogether on the Earth’s axis 
at the poles. 

This means that at the Earth’s 
Equator the relatively stronger cen- 
trifugal force would make it seem as 
if the force of gravity were weaker. 


' is 


BS. eg Sate ae x 
Photos from Lamont Geological Observatory 


is recorded by light beams on photographic strip. Center pen- 
dulum measures gravity; others record motion of submarine. 


pendulum measuring titt of instrument 
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Corrections for Olympic records established in different cities 
is suggested by fact that force of gravity varies with latitude. 


At the poles, the absence of centri- 
fugal force would make the force of 
gravity seem stronger. Thus objects 
would weigh more at the poles than 
at the Equator. 

In principle, the measurement of 
gravity is a simple matter. It can be 
done with an ordinary pendulum. 
When a pendulum is raised from its 
rest position and released, gravity 
pulls it downward. It continues up- 
ward again, rising against gravity, 
because of inertia (resistance to 
change in motion). Eventually the 
rising pendulum is slowed by the 
pull of gravity, and drawn down 
again for another swing. 

If the length of the pendulum is 
known, the time taken by one back- 
and-forth swing of the pendulum 
gives us a measure of the force of 
gravity at the place where the pen- 
dulum is located. The time required 
for one back-and-forth oscillation of 
the pendulum is known as the period 
of the pendulum. The period of a 
pendulum remains almost constant 
when its swings are short. Theoreti- 
cally, only a change in the pull of 
gravity can affect the period of a 
pendulum (oscillating over a short 
distance in a perfect environment ). 

To make a pendulum sensitive to 
slight changes in gravity, it must be 
constructed so that it swings with 
almost no friction. The swinging 
weight is attached to knife edges 
which pivot on flat, polished agate 
stones. This is the same type of sup- 
port used in delicate chemical bal- 
ances. A very accurate timer is used 
to measure the time taken for each 
swing of the pendulum. 

Gravity pendulums such as the 
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one at Potsdam can measure the 
strength of the Earth’s gravity to one 
part in 10 million. Such precise meas- 
urements are achieved by _ timing 
several thousand swings. This pre- 
necessary because 
large variations in the structure of 
the Earth's crust create only slight 
variations in the pull of gravity. To 
measure variations in gravity all over 
the surface of the Earth many grav- 
ity measurements must be taken at 
numerous locations. 


cision is even 


Measuring Gravity at Sea 


Measuring gravity aboard a ship 
at sea poses a special problem for a 
pendulum gravity meter. To solve 
this problem, an ingenious Dutch 
geophysicist, F. A. Vening-Meinesz, 
has devised a gravity pendulum ap- 
paratus which cancels out the mo- 
tion of the ship and computes only 
the effects of gravity. This device 
uses six pendulums. By their mo- 
tion, three of the pendulums elimi- 
nate the effect of irregular move- 
ments of the submarine, and yield a 
measure of gravity. Data for addi- 
tional corrections is provided by the 
other three pendulums. 

This gravity apparatus can be used 
only in a submerged submarine, 
where there are no violent waves. 
The geophysicist and his pendulum 
instrument are sometimes placed in 
the compartment where explosives 
are normally stored. This is located 
near the center of motion of the ship, 
where the ship’s motion is at a min- 
imum. 

The submarine travels at a speed 
of about three knots, to maintain 
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Curve perpendicular to force of gravity is called geoid. Geoid | 
differs from sea-level surface due to uneven mass of the Earth. 


minimum roll and pitch. It takes 


about 25 minutes to make a single 


gravity reading. During this time the 


pendulum swings back and _ forth§ 


about once a second. To take a nun- 
ber of gravity measurements over a 
specific area, a geophysicist may 
have to spend working 
months in the cramped quarters of 
a submarine. 

A more common type of gravity 
measuring the 
meter, is no more than a supersensi- 
tive spring scale. The Earth’s pull is 
measured by the stretching of a thin 
wire of silica or invar (a nickel-steel 
alloy), from which is suspended a 
small weight. The position of the 
weight is viewed against a_ scale 
through a microscope. The gravi- 
meter is small, weighs only a few 
pounds, and can be carried anywhere 
to make rapid measurements in three 
to five minutes. 

The gravimeter can measure no 
more than the difference in gravity 
between one spot on Earth and an- 
other. To obtain an absolute value, 
measurements must be referred to a 
base station, such as the pendulum 
at Potsdam. 

In using a gravimeter to study the 
structure of the Earth’s crust, only 
variations of the Earth’s gravity from 
place to place need to be calculated. 
After a gravity measurement is cor- 
rected, the difference between the 
corrected value and the theoretically 
calculated value of gravity is called 
an anomaly. These anomalies enable 
geophysicists to obtain a precise pic- 
ture of the Earth’s crust. 

For example, a gravity measure- 
ment taken on top of a mountain in 
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the Alps of Switzerland, will differ 
from the theoretical or average value 
of gravity for that latitude. The top 
of the mountain is more than the 
average distance from the center of 
the Earth, so a correction must be 
made for altitude. This correction is 
about 9.5 thousandths of a gal for 
every 100 feet of elevation above sea 
level. 

At one time it was supposed that 
the extra mass of a mountain should 
increase the pull of gravity, even 
after a correction for altitude. It also 
was thought that over the ocean, the 
relative lightness of water should 
yield decreased gravity measure- 
ments. 

Oddly enough, the force of gravity 
at sea is about the same as that on 
land. Geologists have concluded that 
this equal pull may involve sub- 
crustal rocks (those beneath the 
Earth’s crust). These dense sub- 
crustal rocks are closer to the surface 
of the Earth under the oceans than 





they are under the continents. Be- 
cause of their density and closeness 
to the surface, the subcrustal rocks 
at sea exert a stronger gravitational 
pull. This explanation is called the 
theory of isostatic equilibrium. 

World wide measurements of 
gravity anomalies may soon help us 
to compute the Earth’s actual shape. 
The profile scientists are trying to 
describe is not the ground surface, 
because this rises and falls irregular- 
ly over the sea floor and the conti- 
nents. If we took gravity readings 
all over the Earth and corrected 
them to sea level, we would have a 
picture of the Earth according to its 
mass distribution. This profile is 
called the geoid. 

In theory, if canals of water at sea 
level could cross the continents, the 
water level in the canals would fol- 
low the surface of the geoid. The 
geoid is like the surface of a battered 
orange, with a generally ellipsoidal 
shape. The “bumps” in the surface 


Free-falling quartz rod is used to determine force of gravity at National Bureau of 
Standards. Rod is inside foil-covered tube between white cylinders. Joined top and 
bottom, these make up carriage, which drops freely. Spring gives carriage initial 
“kick,” so that quartz rod floats away from carriage during free fall. Descent is 
timed by light beams interrupted by precisely cut slots in the falling quartz rod. 





National Bureau of Standards photo 








$ 


" 


































































































































































9 


are caused by local variations in 


mass. 

The shape of the geoid, when it is 
found, will enable scientists to de- 
termine precisely where up and 
down are. At present, surveyors and 
astronomers determine the vertical 
with a plumb line (simply a weight 
at the end of a string). The plumb 
line points in the direction of the 
force of gravity. The plumb line does 
not necessarily point to the Earth's 
geometric center. The plumb line 
will always hang perpendicular to 
the surface of the geoid, since the 
geoid is the shape of the Earth ac- 
cording to the pull of gravity. Know- 
ing the shape of the geoid all over 
the Earth will make possible more 
accurate scientific measurements, 
such as the precise radius of the 
Earth. 


Measure Speed of Fall 

Perhaps the most direct way of 
measuring gravity is according to the 
definition: Drop an object and see 
how long it takes for it to fall a cer- 
tain distance. From this the accelera- 
tion of gravity can be calculated. 
Until recently this experiment could 
not be performed to the required 
accuracy. Measuring the time and 
distance of fall must be done in a 
fraction of a second. (In contrast, 
measuring the swings of a pendulum 
can be carried out over an hour or 
longer. ) 

The United States Bureau of 
Standards is presently measuring 
gravity by dropping a quartz bar 
and measuring the speed with which 
it falls. To time the bar’s fall, a light 
beam and photoelectric cells are 
used. As the bar drops, the light 
beam passes through precisely cut 
slots in the bar and signals the pho- 
toelectric cells. These signals are 
precisely timed and measure how 
fast the quartz bar is falling, so that 
the acceleration due to gravity is 
calculated. 

This gravity experiment, now in 
progress, is based on the free-fall 
principle. It is not very different 
from the one in which Galileo 
dropped his cannon balls from the 
leaning tower of Pisa, almost four 
centuries ago. But measuring one of 
the fundamental quantities in nature 
to an accuracy of one part in many 
millions is truly one of the remarka- 
ble achievements of modern science. 
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By WILLIAM RICHARDS 


The seven colors of visible light power all the processes of life 
ee 


LL the processes of life—growth, 

development, and 
powered by the energy of sunlight. 
You would not be wrong if you said, 
“On Earth, life runs on sunlight.” 

There are many ways in which the 
sun’s energy powers the processes of 
life. All these ways are not yet un- 
derstood. But explanations are evolv- 
ing, as the work of one scientist be- 
comes the springboard for another's 
research. 

The chain of research started in 
1880, when Charles Darwin, the 
great British naturalist, carried out a 
series of experiments to find out why 
plants bend toward the light—the 





decay—are 


phenomenon we call phototropism. 

Darwin placed tiny, black-painted 
glass tubes on the growing tips of 
oat seedlings. He found that the 
capped seedlings did not bend to- 
ward the light. He also placed black- 
ened glass collars just below the tips 
of other seedlings. The collared 
plants did bend. 

Darwin concluded that in some 
way the growing tip influences plants 
to bend toward the light. 

About 30 years later a Danish sci- 
entist, P. Boysen-Jensen, carried Dar- 
win’s experiments a step farther and 
added to the chain. He made hori- 
zontal incisions in oat seedlings, just 


below the growing tip. Into each in- 
cision he inserted a thin sliver of mica. 
He made this assumption: the sliver 
of mica would block off whatever it 
was that influenced the bending of 
the plant and would keep it from 
moving down the stalk. 

In one group of seedlings, the sliver 
was inserted on the side facing the 
light source. In another group, the 
sliver was placed on the shady side, 
away from the light source. What 
happened? The seedlings with slivers 
on the light side bent toward the 
light. The others grew straight. 

Boysen-Jensen concluded that 
whatever acts on plant tissue to 
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Fritz Koegl of the 
© Utrecht, identified and studied the 
growth-promoting substance. It was 
| auxenolic acid—auxin, for short. 
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cause bending, exerts its influence on 
the shady side of the growing tip, 
rather than on the light side. 

Examination with the microscope 
revealed that cells on the shady side 
grew more rapidly than those on the 
sunny side, causing the plant to bend 
in response to mechanical pressure. 

About two decades ago, a Dutch 
scientist, Frits Went, performed a 
series of experiments that established 
the existence of a growth-promoting 
substance. 

In the first experiment, Dr. Went 
sliced off the growing tips of seed- 
lings. He found that growth stopped 
in the decapitated seedlings. When 
the tip was replaced, growth was 
resumed. 

Dr. Went next placed the decapi- 
tated tips on little blocks of gelatin. 
He let them stand there for one to 
four hours. Then the gelatin blocks 
were placed on the decapitated seed- 
lings. He also placed untreated gela- 
tin blocks on seedlings as controls. 
Growth resumed in those seedlings 
capped with treated gelatin, but not 
in those capped with plain gelatin. 


. From this he concluded that there 


was a growth-promoting substance 
in the tip that had been absorbed 
by the gelatin block. 

In his last series of experiments, 
Dr. Went prepared gelatin blocks in 
the same way. But when he put 
them back on the stalks he covered 
only half the tip. The stalks grew 
faster on the covered side. The pres- 
sure of the growing cells bent the 
stalk away from the growing side 


| and toward the light side. 


Auxin and Bending 
Now here was a problem: What 
causes plants to bend? Is more of the 


/ growth promoting substance pro- 


duced on the shady side? Or does 


' sunlight have the effect of destroying 
"the growth-promoting substance on 
| the side toward the sun? 


In 1934 another Dutch scientist, 
University of 


Thus the work Darwin started 50 


years before led to an important and 
entirely unexpected result—the dis- 
movery of plant growth regulators. 
} But the connection between auxin 
and bending was not yet clear. The 
Pquestion—why do plants bend to- 
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Diagram above shows what hap- 
pens to light that strikes a leaf. 
Note that leaf does not use sun‘s 
energy efficiently for photosynthesis. 
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Science World graphic 
Above are cross sections showing 
leaf grown in the sun and one of 
same species grown in shade. What 
caused more growth in the sun leaf? 


ward the light—still remained un- 
answered. Is there more of the auxin 
on the shady side of the plant—or 
does the light destroy auxin on the 
side toward the sun? 

Another clue was found within the 
past year by two scientists at Yale 
University, Dr. L. G. Labouriau and 
Dr. Robert Galston. They found that 
greenish-yellow pigments, called fla- 
vins, were present in the growing 
tips of plants. They found that the 
light absorbed by flavins stimulates 
phototropism. Thus, the most recent 
hypothesis is that light energy ab- 
sorbed by flavins may play a part in 
destroying auxin. On the shady side 
the pigments absorb less light. Thus 
more of the auxin remains to stimu- 
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late cell growth, with resulting pres- 
sure and bending. 

When plants turn toward the sun, 
their leaves absorb more of the sun’s 
energy. Phototropism thus permits 
leaves to receive a maximum amount 
of sunlight for photosynthesis. 

Of all the chemical reactions that 
take place on Earth, scientists be- 
lieve that photosynthesis is by far 
the most important. How can such a 
claim be justified? 


Light and Plant Energy 

All the processes of life require 
work on the part of the cells. Work 
requires energy, and the plant's 
source of energy is sunlight. Through 
the energy of sunlight, sugar is 
formed in the leaves of plants when 
carbon dioxide (CO.) and the hy- 
drogen of water (H2O) are com- 
bined into a compound that has the 
formula C,yH,.0O,. The sugar and 
starch—carbohydrate—produced — by 
the green plant provide it with a 
source of energy. In turn, the sugar 
and starch produced by the plant 
are the source of energy for all living 
things. 

Some of the light energy used by 
the plant in making carbohydrates is 
stored in the carbohydrates them- 
selves as potential chemical energy. 
(You can see the reverse of the pro- 
cess when sugar is burned. The 
stored chemical energy is released as 
light and heat energy. ) When plants 
and animals use carbohydrates in 
their bodies, the carbohydrate mole- 
cules are broken apart into carbon 
dioxide and water. The potential 
energy is then released. 

Scientists still do not fully under- 
stand how photosynthesis takes 
place. However, some of the steps 
in the process have been worked out 
in the laboratory. Only one of the 
steps involves light. And here the 
green pigment, chlorophyll, plays its 
part. 

A clue to the role of light in this 
reaction was discovered by Dr. C. B. 
van Niel of the Hopkins Marine Sta- 
tion of Stanford University in Cali- 
fornia. In his experiments, Dr. van 
Niel used bacteria that require hy- 
drogen sulfide—rotten egg gas (H.S) 
—to perform photosynthesis. He dis- 
covered that these bacteria released 
sulfur in the process. Summing up 
his experiments, Dr. van Niel theo- 
rized that the function of light 
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Early experiments showed that on shady side of oat seedling tip is a substance that causes seedling to bend toward light. 


energy is to separate hydrogen from 
its compounds, so that it can com- 
bine with carbon and oxygen to form 
sugar. 

In 1955 Dr. Daniel R. Arnon of 
the University of California at 
Berkeley isolated chlorophyll from 
green cells and experimented with 
photosynthesis in the laboratory. He 
identified two stages in photosyn- 
thesis. In stage one, known as the 
“light phase,” light energy is trapped, 
water is decomposed, and hydrogen 
held. In stage two, known as the 
“dark phase,” energy is released for 
building new molecules. Dr. Arnon 
found that stage two can take place 
in the absence of light. 

Last June—after four years of re- 
search—Dr. Robert Burns Woodward 
of Harvard University produced 
about six hundred-thousandths of an 
ounce of chlorophyll in his labora- 
tory. The duplication of photosyn- 
thesis in a test tube is still a long 
way off. But knowledge of the 
chemical structure of chlorophyll 
will lead to a better understanding 
of this highly complex process. 

There is yet another response of 
plants to light that scientists now 
are investigating. For centuries man 
has known that plants have seasonal 
responses. Some bloom in the cool 
short days of spring—others in sum- 
mer. Some plants bloom at night— 
while others prefer the midday sun. 
Recently we have begun to under- 
stand why this phenomenon, called 
photoperiodism, occurs. 

About 20 years ago, nurserymen 
found through trial and error that 





Howers could be made to bloom out 
of season by shading them with 
cloth for part of each day. This was 
valuable information for commercial] 
flower growers. But nobody under- 
stood why the event took place. It 
seemed to botanists, however, that 
somehow the plant was able to re- 
cord a decrease in sunlight, a condi- 
tion that resembled the approach of 
winter. This had the effect of “fore- 
ing” the plant into bloom. 


Clue in Red Light 


Scientists at the U.S. Department 
of Agriculture laboratories at Belts- 
ville, Md., were intrigued by this 
mystery. They set out to hunt down 
the clues. One of the scientists at 
Beltsville, Dr. Sterling B. Hendricks, 
first exposed a variety of plants to 
all the colors of the spectrum. Most 
of the colors yielded no clues. But 
when the plants were exposed to red 
light the effect was exciting. 

Even a 30-second flash of red light 
during a 14-hour period of darkness 
altered the growth cycle of the ex- 
perimental plants. Suspecting that 
red light held the key to the mystery, 
the Beltsville scientists began to 
search for a pigment sensitive to red 
light. 

They found the tell-tale pigment in 
bean seedlings. In a given amount 
of juice from bean seedlings, the 
pigment makes up only one part in a 
million. The pigment changes when 
excited by red light. As long as the 
red light lasts, the change is in effect. 
When the source of red light is re- 
moved, the pigment slowly changes 





back. It takes 12 hours for the pig-[ 


ment to complete this cycle. 

Now what does all this have to do 
with plants growing in sunlight? 
Morning sun is rich in red _ light. 
When the rays of the morning sun 
fall on a plant, the pigment under- 
goes a change which lasts until sun- 
down. Scientists hypothesize that in 
some way the length of day is chem- 
ically “recorded” in the cells of 
plants. 

To explore their findings, the sci- 
entists at Beltsville exposed plants 
to red light at all hours. What hap- 
pened? Plants were made to bloom 


months ahead of time, or their bloom § 


was delayed. Pine trees four years 
old, for example, have been kept 
down to a height of eight inches. 
How? By exposing them to very 
short periods of red light which sig: 
naled “winter’—no time for growth. 

Scientists at Beltsville are still 
working with this pigment, named 
only during the past year. Dr. Ster- 
ling B. Hendricks told Science World 
the pigment has been given the name 
phytochrome (from the Greek words 
for plant and color). Dr. Hendricks 
explained that the pigment has been 
found in two forms—one active, the 
other passive. Exposure to light 
causes the active pigment to become 
passive. It retains its passive form 
during the hours of light, and is con- 
verted back to the active form dur- 
ing the dark hours. 

Phytochrome has not yet been 
isolated in pure form. Most samples 
now contain 99 per cent of impur* 
ties. In spite of having so little of the 
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Later experiments showed growth-promoting substance is produced on shady side. 


pure substance for experimentation, 
Dr. Hendricks pointed out, it is 


Animals also show photoperiod- 
ism. Birds respond to increased levels 


13 





may be hormones—chemicals that 
regulate the body. He has been in- 
vestigating the life cycles of a spe- 
cies of aphid that is native to Eng- 
land. Aphids, commonly known as 
plant lice, suck the sugar rich juices 
from leaves and roots. The aphid 
Dr. Lees has been investigating pro- 
duces several generations of live 
young throughout the summer. These 
are all females. At the end of sum- 
mer, when days grow shorter, a gen- 
eration of males and females is pro- 
duced. These mate and the female 
now produces eggs. These eggs do 
not hatch until spring. At that time 
they give rise to a new generation of 
live bearing females to start the 
cycle again. 

Dr. Lees found that as long as he 
kept the aphids under long photo 
periods (16 hours of light), they 
continued to reproduce live females 











































































known to be a protein pigment solu- of sunlight. Scientists believe that indefinitely. When he shortened the 
inlight? | ble in water. Its color, apparently, is the nesting and migration of birds photo period to 12 hours, the aphids 
1 light — derived from a part of the protein are responses to changes inthe length produced eggs. Dr. Lees believes 
ing sunf molecule. of day, rather than to changes in that this light response may be 
under- Describing his work, Dr. Hend- temperature. caused by hormones in the insect 
til sun. ticks said, “It’s as if we had been hit- Scientists hypothesize that in ani- that are sensitive to light. 
that in) ting a carburetor with a hammer for mals chemical substances are in- Thus the light of the sun is the 
s chem.) years to adjust it. Discovering this volved in the transmission of photo- source of energy for all living things. 
ells off pigment is like learning that a screw period information. Dr. A. D. Lees And man, a creature of the sun, is 
on the bottom of the carburetor is of Cambridge University in England _ striving to understand how the sun’s = #4 
the sci} What regulates it.” believes some of these substances energy affects the processes of life. <3 | 
plants .) a 
at hap- i 
> 

bloom 
- bloom oe WHAT IS LIGHT? 

- year RED reflected cite — : 
TS B | ae Light is a form of radiant energy. So is heat. So, too, are radio 

n kept G “pei Ree -_ 

hall a 0 Y waves and X rays. All the forms of radiated energy are transmitted 

inches. ake : . ; 

- —or, as scientists say, propagated—in the form of waves. 
Oo very ee 
ti If you have ever seen a beam of visible light passed through a 
ich sig lass prism, you know that light can be separated into seven bands 

caus glass prism, you know that light can be separated into seven bands 

rowth. - 
> y of color. Each has a different wave length. In order of decreasing 
re stl wave length, these are red, orange, yellow, green, blue, indigo, and | 
named RED rs ve alice a a ' 

SURFACE violet. Violet has the highest energy—red the least energy. 
pe aa How does light energy affect matter? Nearly all molecules vibrate 
Wort constantly at any temperature above absolute zero. When any ma- 

e name absorbed eae ; ' a 
terial is heated its molecules vibrate more rapidly. The molecules 
Aicll are excited. Light, too, excites molecules to greater motion. Some 
ndricks excited molecules absorb certain wave lengths of light and reflect 
” - 1 V others. This reflection and absorption produces color in materials 
ve, the B oe oy a rl : 
\ / composed of such molecules. These materials are pigments. A pig- 
. light y & \ GREEN /’ reflected pis » 
5 R / ment that appears red absorbs high energy wave lengths at the vio- 
vay 2 / - — ° 
cor let end of the spectrum of visible light. It reflects the red and near- 
. form red energy waves. Pigments are involved in many of the biological 
IS COM effects of light. 
nm dur For example, in sea water light does not penetrate much below i 
GREEN 600 feet. The only light that does reach such a depth is high energy 
heen SURFACE blue light. Thus, at that level the only plants are the red algae. The 
unples red pigment of these plants efficiently absorbs the blue light. 
pe absorbed 
of the 

















ORLD SEPTEMBER 28, 1960 








Brookhaven National Laboratory 





By MICHAEL DADIN 


powerful, but it is still a puzzle to science 


E are all familiar with mole- 

cules and atoms—and the fun- 
damental particles such as electrons, 
protons and neutrons. These are the 
“things” of which atoms are made. 
But how do all the molecules, atoms, 
and particles “stick” together to be- 
come larger chunks of matter. In 
other words, what are the forces that 
make up the “glue” of matter? 

Part of the answer to this question 
was suggested by a remarkable ex- 
periment performed by Russian sci- 
entists at the Academy of Sciences in 
Moscow. The scientists wanted to 
measure the forces of attraction be- 
tween molecules—the smallest units 
of matter in its common, everyday 
form. They were not concerned with 
chemical attractions, or valence 
bonds, which link atoms chemically 
in a compound. They wanted to 
measure the forces that draw together 
the molecules of solids and liquids, 
and to a small extent, gases. For ex- 
ample, oxygen atoms in a molecule of 
water do not attract each other, but 
every molecule in a sample of water 
attracts every other water molecule 
near it. These forces are responsible 
for surface tension, capillary action, 
and other properties of liquids. 

How does one go about measuring 
the attraction between molecules? 
Evidence indicated that the force to 
be measured was very small—as little 
as one-thousandth of a gram. In it- 
self, this measurement normally 
would not be too difficult. But so 
slight a force between molecules 
shows up only when two bodies are 
extremely close together—within a 
few ten-thousandths of a millimeter, 
or about one thousandth of the thick- 
ness of a human hair. In addition, 
the attracting force tends to increase 
suddenly when the molecules are 
brought so close together. 

In the experiment, the attraction 
measured was that between a pol- 
ished quartz plate and a_ polished 
quartz lens brought close to the sur- 
face of the plate. The quartz plate 
was attached to the arm of a micro- 
balance, while the lens was fixed. 


The force that holds the nucleus of the atom together is extremely 





























































The scientists realized that no htunan 
hand could possibly balance the del- 
icate forces and.regulate the micro- 
scopic distances. Therefore, a sensi- § 
tive eléctronic system was devised to 
control the balance, and measure the 
force at the same time. The distance 
between the lens and the plate was 
measured precisely by a device mak- 
ing use of light waves. 

But problems still plagued the ex- 
perimenters. Vibrations in the ground 
and buildings forced the scientists 
to mount the balance on a heavy 
pedestal—a cement pier sunk deep J 
into the ground. Then it was found 
that air currents in the room upset 
the balance, so the equipment had 
to be enclosed in a vacuum chamber. 








5 
New Type of Force 3 
The apparatus was finally ready 3 
about 1951. After analyzing the re- : 
sults of the first experiments, the sci- F 
entists were dismayed to find that S 
the measured forces were about Ff 
5,000 times greater than predicted by 
any theory. Then they discovered a 
flaw in the experiment. Electrostatic 
charges deposited on the glass plates 
were the cause of the excess forces. 
The charges were built up when the d 
experimenters cleaned the plates sl} 
with cotton dipped in ether to re- tc 
move dust particles. The rubbing T 
charged the plates with static elec- iI 
tricity. The electrostatic charges were 
finally removed by placing radioac- n 
tive material near the gap before the tl 
air was completely pumped out. The a 
radioactivity ionized the air, and the n 
ionized air conducted the charges h 
away from the plates. The experi- 
ment could at last be performed. d 
The results confirmed a compli- tl 
cated mathematical theory and iden- - 
tified a fundamental force within it 
matter. They provided evidence that i 
the long-range forces between mole- fi 
cules were electromagnetic forces, st 
created by the ceaseless vibration of S 
the electrons in the molecules. t! 
These are the long-range forces t! 
which draw molecules together into fe 
clumps large enough to be seen un- 
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Gap between quartz lens 
and plate is measured by 


KNIFE EDGE 


Force between molecules is measured in ingenious experiment using delicate balance. Quartz plate on left end of 
balance arm is brought extremely close to fixed quartz lens, to distance where molecular force begins to act. 
Balance is automatically adjusted by electromagnet controlled by light beam from mirror. Amplifier measures force. 
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means of Newton’s rings. 
Light passes through lens, 
is reflected from plate. Part 
of light is reflected from 
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lens surface, interferes with 
other light, creates rings. 

















der the microscope. (In contrast, 
short-range forces hold molecules 
together in crystals and compounds. 
These short-range forces are involved 
in chemistry and solid state physics. ) 

But there is an even more funda- 
mental force. With identification of 
the particles in the nucleus of the 
atom, scientists have dared to ask the 
most basic question of all: What 
holds the nucleus together? 

The answer to this question has 
dodged physicists for 25 years. All 
the forces with which we're familiar 
—electromagnetic, electrostatic, grav- 
itational—indicate that the particles 
in the atom’s nucleus should fly apart 
from each other. Instead, they cling 
so strongly that enormous atom 
smashers have to be built to pry 
them apart. The “glue” that holds 
the nucleus together is a type of 
force which is not in our experience. 
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Structure of the Atom 


Scientists are familiar with the 
over-all structure of the atom. It is 
composed of a _ heavy, positively 
charged nucleus surrounded by a 
“planetary system” of light, negative- 
ly charged electrons. Scientists also 
are familiar with the forces involved 
in the movement of electrons—they 
are the electrical forces of attraction 
and repulsion. Most of what we 
know about atoms as a whole is 
based on studies of the motion of 
electrons around the nucleus. 

The nucleus itself is a different 
problem. Its building blocks are pos- 
itive particles called protons, and 
neutral particles called neutrons. The 
nucleus contains 99.5 per cent or 
more of the mass of the atom. It is 
much more densely packed than the 
electrons in the atom’s outer space. 
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If you were to imagine the atom as 
a whole to be as large as a house, 
the nucleus would be the size of a 
pinhead. 

Another remarkable fact: The 
density of the nucleus is the same for 
all atoms. The volume of any atom’s 
nucleus is very nearly proportional to 
its weight, just as a piece of iron ten 
times heavier than another piece of 
iron is also ten times larger. 

This fact suggested to early exper- 
imenters that the forces binding the 
nucleus might be the same as those 
binding other bits of matter, such as 
the electric forces between atoms. 

But scientists speculated that elec- 
tric forces could not be responsible 
for holding a nucleus together. The 
only charges identified in the nu- 
cleus are the positive charges of the 
protons. Since like charges repel 
each other, the nucleus should fly 
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distance from attrac- 
tive to repulsive. 
Strongest attraction 
occurs at just un- 
der 10—'* cm. Nu- 
cleons repel one an- 
other at distances 
less than half of 
10—'3 centimeter. 
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apart, according to this theory. But 
even if unlike charges existed in the 
nucleus, these electric forces would 
be much too weak to hold the nu- 
cleus together. We now know that 
ata distance of one fermi (10~*° 
cm.) the force binding the nucleus 
is 35 times stronger than the electro- 
static force. (The fermi, named for 
the nuclear physicist Enrico Fermi, 
is a convenient unit of distance for 
studying the nucleus. In a heavy ele- 
ment, the diameter of the nucleus is 
about 15 fermis; the diameter of the 
entire hydrogen atom is about 
100,000 fermis.) In addition to all 
these reasons, electrostatic forces do 
not explain how the uncharged neu- 
tron is held in the nucleus, since the 
neutron cannot exert any electric 
force. 

Another familiar force, gravitation, 
also fails to provide the answer. It 
has been calculated that the gravi- 
tational force between particles in 
the nucleus is much too small to ac- 
count for their sticking together. The 
actual measured forces holding the 


nucleus together are about 10*7 
times larger. 
Both gravitation and electric 


forces operate according to the in- 
verse-square law, where the force is 
inversely proportional to the square 
of the distance. But nuclear forces 
seem to operate according to laws 
of their own, entirely different from 


the inverse-square relationship. The 
nature of these forces has still to be 
discovered. 

One well-known feature about 
nuclear force is that it manifests it- 
self only over an extremely short 
range. The pioneer British physicist, 
Sir Ernest Rutherford, shot alpha 
particles through matter and found 
that he could not measure the nuclear 
force even when a _ particle ap- 
proached a nucleus within a few 
nuclear diameters. Today we know 
that the nuclear force between two 
particles is negligible, if the distance 
between the particles is more than 
about four fermis. 


Discovery of the Meson 

Early researchers assumed that 
nuclear forces behaved like electro- 
magnetic forces. The famous Japan- 
ese physicist, Hideki Yukawa, used 
this concept in 1935 in a dramatic 
example of the power of theoretical 
physics to deduce facts about the 
universe. Yukawa believed, accord- 
ing to his mathematical theories, 
that nuclear forces were transmitted 
from one particle to another by an 
undiscovered particle, one that had 
not yet been identified by experi- 
ment. He estimated that the mass 
of this theoretical particle should be 
about 200 times that of the electron. 
This particle would thus have a mass 
somewhere between that of an elec- 
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tron and a proton (whose mass is 
1836 times as great as that of an 
electron). Therefore, he called his 
theoretical particle a meson, from 
the Greek prefix meso, meaning in- 
termediate. 

Yukawa also calculated that his 
mesons must be electrically charged. 
In this way he could explain how the 
nuclear particles overcome the nu- 
clear forces and exchange mass and 
charge among each other. When a 
proton and a neutron interact, he 
postulated, the proton may emit a 
positive meson which is absorbed by 
the neutron. In this process the par- 
ticle loses its positive charge and be- 
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Force of gravity between nuclear parti- 

cles pulls them together, but it is too weak 

to account for measured nuclear force. 
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comes a neutron, while the neutron 
gains a unit of positive charge and 
turns into a proton. The same result 
is obtained if the neutron emits a 
negative meson, which is absorbed 
by the proton. 

Yukawa suggested the existence 
of both negative and positive mes- 
ons, according to a general principle 
of physics: that for every positively 
charged particle there is a nega- 
tively charged counterpart. 

When Yukawa suggested his the- 
ory in 1935, there was no evidence 
that a meson existed, and no known 
particle which resembled it. At that 
time Yukawa’s meson was purely a 
product of theoretical speculation. 
However, physicists began actively 
to look for traces of Yukawa’s mes- 
on, in cloud chambers and on photo- 
graphic plates. Twelve years later, 
in 1947, three scientists—an English- 
man, an Italian, and a_ Brazilian, 
working together—found Yukawa’s 
meson. It was a particle which inter- 
acted strongly with other particles 
in the nucleus, and it had a mass of 
276 electron masses — somewhat 
greater than Yukawa had predicted. 
However, this particle, called the 
pi meson, closely fitted the descrip- 


tion Yukawa had deduced theoreti- 
cally some twelve years earlier. 

Meanwhile, the forces in the nu- 
cleus were being measured directly 
in the laboratory—by shooting one 
particle at another at high speed. 
For a brief moment they come close 
enough for the nuclear forces to 
come into play, and then separate. 
In this process the projectile particle 
swerves from its original path and 
the target particle is pulled out of 
position. By measuring these deflec- 
tions, nuclear physicists can estimate 
the force that caused them. 

The principle sounds easy, but 
the practice is very difficult. Such 
experiments are actually conducted 
using a dense beam of particles from 
a synchrotron or other accelerating 
machine. The beam of particles may 
consist of protons or neutrons. The 
beam is passed through a target mate- 
rial, and the experimenters then count 
the numbers of particles emerging 
at various angles. The target may be 
hydrogen, whose nucleus is a single 
proton, or deuterium, whose nucleus 
has a proton and a neutron, or in 
some cases a heavier element. Thus 
different combinations of atomic par- 
ticles can be studied; such as proton- 
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Large cyclotron operating at energies of many million electron volts can produce 
mesons. The circular magnetic pole pieces are surrounded by thick concrete blocks. 
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proton, neutron-neutron, and neu- 
tron-proton. 

This method is called “scattering.” 
These experiments do not measure 
collisions between particles as much 
as they measure near misses, in 
which the particles momentarily de- 
flect each other when they are within 
range of the nuclear force. We can 
visualize the process if we think of 
a rocket vehicle shot from Earth 
swinging part way around the moon, 
and then heading into outer space. 
However, the rocket would have to 
be as heavy as the moon and pull 
the moon out of its course as it went 
by. 


Experiments Continue 

If the energy of the beam of par- 
ticles is sufficiently large, the par- 
ticles do not simply deflect around 
each other. Instead, new particles 
are created in a nuclear “collision,” 
particles such as Yukawa’s pi mes- 
ons, or pions. 

At lower energies, the scattering 
experiments allow scientists to study 
only the force between two particu- 
lar particles, such as the proton- 
proton interaction. Since protons are 
electrically charged, they are easier 
to handle than neutrons, and there- 
fore have been studied more exten- 
sively. Since the protons are charged, 
they can be focused, accelerated and 
aimed by magnetic and electric 
fields. 

The forces between protons have 
been fairly well established, and the 
forces between neutrons seem to be 
identical to those between protons. 
However, scientists have only a lim- 
ited theoretical understanding of the 
nuclear forces. If Yukawa’s famous 
conjecture was correct then the pion 
is the “carrier” responsible for the 
force between two particles. 

Mathematical equations based on 
the pion can be developed, but there 
is no known way to solve them. 
Therefore, it is impossible to know 
whether the equations are correct. 
But nuclear physicists are confident 
that one day they will be able to 
formulate equations for the nuclear 
forces, solve them, and then check 
their results in the laboratory. 

Meanwhile, physicists have no 
choice but to continue experiments 
which may yield new data, and lead 
to new and more fruitful theories on 
the “glue” of matter. 
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On seventeenth pass, capsule was ejected, parachuted toward Pacific 
Ocean. After space capsule was snagged, winch slowly reeled it in. 


UPI photo 





UPI photo 
Nylon cables trail behind U. S. Flying Boxcar as Space capsule was orbited inside Discoverer XIV satellite. Capsule 
it misses (top), then snags (bottom) space capsule. weighed 85 pounds, was crammed with delicate scientific instruments. 
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Science World graphic 

During baseball game at geographic North Pole, ball is 

thrown by pitcher at 9 p.m. Ball reaches home plate at 


3 a.m. the day before—30 hours before ball was pitched. 
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Wide World photo 

3 Echo | satelloon orbits around Earth onceevery 118 min- 
* utes. As days grow shorter in Northern Hemisphere, 
Echo will pass into longer and longer periods of darkness. 
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UPI photo 


U. S. rocket plane, X-15, shown dropping away from “mother” plane, set new 
speed record of 2,196 mph. A week later, X-15 set altitude record of 136,500 
feet (26 miles). At that altitude, X-15 was above 99 per cent of Earth’s atmosphere. 


What’s Behind the Photos 
1. SKY SNATCH. The U. S. was the 


first nation to recover a payload from 
orbit around the Earth. Last month two 
payloads were recovered. One was 
snagged over Pacific by a Flying Boxcar. 


2. POLAR BASEBALL. The nuclear 
submarine Seadragon made an under- 
the-ice crossing of the geographic North 
Pole. When the Seadragon surfaced at 
the pole, her crew took time out for a 
quick game of baseball. Because all 
time zones meet at the pole, it was a 
crazy mixed-up ball game. When a hit- 
ter belted a home run, he ran from to- 
day into tomorrow and back into today. 


3. ECHO SATELLOON. U. S. rock- 
eteers launched a satelloon—an_inflat- 
able satellite 100 feet in diameter. It 
was made of aluminized film about 
half the thickness of cellophane. 

Echo's shiny surface was used as a 
reflector in a series of experiments, In 
the first experiment, a pre-recorded 
message by President Eisenhower was 
bounced off the satelloon. The message 


was sent from the Jet Propulsion Lab- 
oratory in Goldstone, Calif., and re- 
ceived by a Bell Telephone Laboratories 
installation in Holmdel, N. J.--as clea 
as “a local telephone call.” 

Each installation was equipped with 
a “dish” antenna to focus messages on 
the satelloon—and a very sensitive radio 
receiver (called an “ear”). As Echo 
streaked across the U. S. at 16,000 mph, 
messages bounced back and forth. 


4, HIGHEST AND FASTEST. The 
X-15 rocket plane shattered speed and 
altitude records last month. It flew 
faster and higher than any other plane 
in the world. This month an X-15 is 
being fitted with a power plant four 
times more powerful. 


5. SPACE DOGS. Two Soviet space 
dogs looped the Earth 17 times and 
then were brought down alive. The 
Soviet space capsule weighed five tons— 
five times heavier than the U. S. Proj- 
ect Mercury space capsule. Soviet sci- 
entists reported that the dogs were “in 
perfect condition.” The capsule was 
probably parachuted to the ground. 





Sovfoto 


5 Belka (Little Squirrel) and Strelka (Little Arrow) were orbited by Soviet rocketeers 
* and brought down alive to Earth. Photos were televised to Earth from outer 
space. Soviet capsule also contained rats, mice, seeds, plants, fungi, and fruit flies. 
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Wide World photo 
Air Force Captain Joseph Kittinger 
stepped out of balloon’s gondola at 

altitude of 102,800 feet (19.5 miles) ... 






UPI photo 
...Kittinger plummeted earthward, twist- 
ing and turning. Velocity hit 450 mph. 


After 17 miles his parachute opened. . . 
a® : ? 





















UPI photo 
... About 13 minutes after jumping, 
Captain Kittinger landed in New Mexico 
desert, elated over his record jump. 














DRAMATIC announcement was 
made last month by the Surgeon 
General of the United States Public 
Health Service—one that made _ head- 
lines across the nation. The United 
States Government was approving the 
use of a live poliomyelitis virus vaccine. 
To one man the announcement held 
no surprise—Dr. Albert Bruce Sabin, 
who had developed the vaccine. For 
five years the Sabin vaccine has been 
widely used throughout the Soviet 
Union, Czechoslovakia, Mexico, and 
other areas. It is believed to be more 
effective than the Salk vaccine. It is also 
easier to administer, and less expensive 
to manufacture. To millions of people 
in underdeveloped nations, the Sabin 
vaccine will mean protection against 
polio at one tenth the cost of the Salk 
vaccine. 

This live virus vaccine is the product 
of 25 years of intensive, creative research 
by Dr. Sabin. Yet these years might 
not have been spent in medical research 
had not Dr. Sabin made an early deci- 
sion to forsake dentistry for medicine. 

Dr. Albert Sabin was born in 1906 
in Bialystok, then part of Russia but 
now in Poland. At 15 he emigrated with 
his family to the United States. To help 


National Founibiien photo 
With one laboratory victory behind him, 
Dr. Sabin is attacking problem of cancer. 








* 
ef « 


DR. ALBERT SABIN-VIRUS 


o 





~, : 





Photo by Dr. Robley C. Williams from National Foundation 


Colony of polio viruses is shown enlarged 60,000 times by electron microscope. White 
sphere at lower left is chemical droplet of known size used for size comparison. 


the struggling family, an uncle offered 
to pay for Albert’s education—provided 
he studied dentistry. Albert accepted 
the offer and for two years diligently 
applied himself to dentistry. The turn- 
ing point of his life came when he read 
a book. The book was Paul de Kruif’s 
Microbe Hunters. 

“The biographies of scientists in that 
book gave a picture of what science 
really meant, and influenced my deci- 
sion to turn to medical research,” he 
told us. 


Started as Lab Volunteer 


His mind made up, young Sabin left 
dental school to prepare for a career in 
research. He worked his way through 
New York University’s undergraduate 
school and school of medicine. There, 
one of the faculty members was a 
famous microbiologist, Dr. William H. 
Park. Young Sabin approached Dr. Park 
and asked for laboratory space where 
he might try his hand at research. Dr. 
Park granted the unusual request. 

“During the next several years Dr. 
Park suggested various projects to me,” 
Dr. Sabin related. “One of these was 
my first introduction to polio research. 
I spent six months checking a skin test 
then used to diagnose polio. I found 
that the test was unreliable.” 

Four years later, in 1935, he received 
an appointment to the Rockefeller Insti- 
tute in New York City. There he helped 
to establish that the polio virus could 
grow outside the body, on nervous tis- 
sue in test tubes. 

In 1939 he was invited to Cincinnati 
University’s College of Medicine, where 


he has remained as a teacher and re- 
searcher. During his first few years 
there, he found that polio viruses thrive 
in the intestine. Work on a vaccine, 
however, was interrupted by World 
War II and service in the Army Medi- 
cal Corps. After the war, Dr. Sabin re- 
turned to Cincinnati and his laboratory. 

The breakthrough year in polio re- 
search came in 1949. That year a team 
of Harvard scientists, headed by Nobel- 
prize winner Dr. John F. Enders, dis- 
covered how to grow the polio virus on 
types of tissue other than nervous tissue. 
A path was cleared. The virus now 
could be grown more easily. Researchers 
concentrated on finding a type of the 
virus suitable for a vaccine. 

Vaccination is a process that enables 
the body to resist disease. Scientists 
have found that the introduction of vac- 
cines (damaged or even killed disease 
bacteria or viruses) may provide im- 
munity against the corresponding living 
organisms. The immunity process is still 
a puzzle to scientists, but they know 
that immunity results from the presence 
of defending substances (known as 
antibodies) formed when the body tries 
to protect itself against invading micro- 
organisms (antigens). 


Mysterious Invader 


To understand what is known of this 
process, it is helpful to think of anti 
bodies disarming antigens, and destroy- 
ing their ability to multiply. When anti 
gens multiply at a rate greater than the 
body’s capacity to produce antibodies, 
disease results. 

(Continued on page 34) 
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PROJECTS AND EXPERIMENTS 


{Sarah Johnson spent her last Christ- 
mas vacation at the Germfree Life Re- 
search Center at Tampa, Florida—work- 
ing out the life cycle of the Japanese 
quail, C. coturnix japonicqa Jemmick 
and Schlegel. Her work was directed 
by Dr. James A. Reyniers, a pioneer in 
germfree environment research. The 
photographs that Sarah made as part of 
her project are the first photographs of 
the development of coturnix to be pub- 
lished anywhere. ] 


SARAH’S PROJECT 


The coturnix quail is useful in re- 
search. Its small size and short life 





1960 


SEPTEMBER 28, 


topeeKod wo wed’. aa Mme _fept-beG ) eq ix 


_ Student: SARAH JOHNSON, Grade 9, Future Scientists of America Award Winner 
School: T. R. Robinson High School, Tampa, Fiorida 


Teacher: NELSON HOWE 


cycle make it ideally suited for main- 
tenance in a sealed environment neces- 
sary to maintain germfree conditions 
for experimentation. 

Coturnix is prolific, hardy, and easy 
to raise. It hatches in 16 to 18 days and 
matures at 6 weeks of age. The coturnix 
is not susceptible to any of the common 
diseases of the native bobwhite quail. 

The coturnix develops very rapidly. 
The birds more than triple their size 
and weight during the first week after 
hatching. The first flight feathers are 
evident at three days of age, and strong 
flight is possible at two weeks. The 
birds are sexually mature at six weeks 





Sarah Jomo 
Sarah placed each embryo in a solution of glycerin and water in a petri dish. Then 
the specimen and identifying card were placed on lighted screen to be photographed. 
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PROJECT: Life Cycle of Coturnix, 
: A New Laboratory Animal 


of age. A few may lay eggs as early as 
38 days. Fertility is low at first, but 
by 50 days of age, the fertility may be 
as high as 90 per cent. 

The eggs may be snow-white, flesh 
colored, dark- or light-brown. They 
may be speckled with blue, blue-violet, 
mottled brown, or any combination of 
these. The size of the eggs varies greatly. 
Some may be as small as 20 mm. Others 
may run to 35 mm. But compared to 
the size of the adult—the eggs are quite 
large. 

In preparing the eggs for incuba- 
tion, I first scrubbed them under run- 
ning water. If the scrubbing takes place 
soon after the egg is laid, it is possible 
to scrub off the speckles. This makes a 
pure white egg that can be marked 
with India ink for indentification. The 
identifying marks were made at the 
small end of the egg. If they were done 
at the large end, the markings would 
have been lost when the chick pipped 
(broke the shell to get out). 

The average incubation period for 
the egg in an incubator at 100° F. is 
sixteen days, eight hours. Incubator 
temperatures of 103° F. or above are 
harmful, and hatchability at these tem- 
peratures is low. During incubation 
humidity should be kept at 60 to 70 
per cent. Throughout incubation, the 
eggs should be turned at eight-hour 
intervals. Humidity should be raised to 
about 95 per cent on the fifteenth day 
for highest hatchability. The hatch, 
based on the number of fertile eggs, 
runs about 60 to 70 per cent under 
artificial incubation conditions. 

Each tiny quail, as it emerges from 
the egg, is a complete individual. It 
has two legs, two eyes, a heart, and a 
nervous But not long ago— 
before hatching—none of these things 
existed. There heart, liver, 


system. 


were no 


legs, nor eyes. Yet all the raw materials 
necessary were present. 
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Blue and brown speckled egg 
is tiny, about 20-to-30 mm. 


On day-10, down begins to 
show. Wings, feet are larger. 





Just hours away from hatching 
17-day chick is well formed. 








In 54-hour embryo, heart 
functions. Eye is visible. 





Between days 10 and 12, 
embryo’s size increases fast. 


Hello world! Chick and mod- 
ish bustle are 2 inches long. 





gs 


Eyes are the most prominent Eight-day embryo shows both 
feature of 6-day embryo. rudimentary wings and legs. 





By day-15, chick is covered Even after 16 days, little 
with down, feet are formed.  coturnix is not impressive. 





Photos by Sarah Johnson 
Size of adult can be determined by grid of 10 squares to 
inch. These are first published photos showing coturnix. 
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The beginning is an egg from the 
mother. All life, except the most primi- 
tive, begins with the egg. 

The sperm cell carries the hereditary 
characteristics from the father. The 
hereditary characteristics of the mother 
are in the egg. They join to form a 
single fertilized cell. The single cell 
pinches in two. Half of everything in 
the cell goes to one part, half to the 
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PROJECT: Utilization of 
Wa 


other. Now there are two cells. Each 
has its own nucleus. Both are identical, 


both are developing, and both are alive. 


A short period of preparation follows 
and then, again, activity within the 
cells. Each cell pinches in two, and 
divides. Two cells become four. Four 
cells become eight. At this stage, their 
total size is no greater than that of the 
original fertilized cell. 
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[Sometimes we call our age the 
Atomic Age—sometimes the Space Age. 
Both imply a civilization greatly influ- 
enced by science and technology. 

We might also call the twentieth 
century the Age of Paper and Fiber. 
It is hard to imagine all of the difficul- 
ties that would occur if paper were to 
disappear overnight. Without paper, 
our technical civilization would col- 
lapse. In 1958, the U. S. alone con- 
sumed almost 31 million tons of paper. 

The basic and essential ingredient of 
wood, paper, paper products, and cot- 
ton cloth is cellulose—(C,H,)O;)n. The 
letter “n” means that the cellulose mole- 
cule is composed of a large number— 
n—of units Cg,H,,O0;. All cellulose comes 
from plants—mostly from wood. Each 
vear the demand for cellulose increases, 
and our forest reserves decrease. 

So, if we are going to keep on ex- 
panding our use of paper, rayon, film, 
cellophane and building board—and 
there is no reason to believe that we 
won't—new sources of supply are 
needed. The development of new sup- 
plies calls for new technology to retrieve 
the cellulose in useful form. 

David Schubert has made a step in 
this direction. ] 


DAVID’S PROJECT 


Cornstalk, like wood, contains lignin, 
a compound which cements the cellu- 
lose fibers together. In order to utilize 
the corn stalk’s cellulose, it is first nec- 
essary to remove this substance. 

The basic process of dissolving and 
removing lignin from the stalk is best 
accomplished by cooking shredded 
stalks with a caustic liquor in a pres- 


1960 


SEPTEMBER 28, 


Teacher: WILLIAM M. 


23 


Dividing and dividing, they form a 
cluster of cells. Now the cells number 
hundreds and division is no longer so 
regular. Geometrical progression ceases. 
Thousands—millions more will grow 
from them. This is the way life develops 
in all the vertebrate animals: fish, 
amphibians, reptiles, man, and birds. 
This, of course, includes the Japanese 
quail, 


SMITH 





David Schubert 


Frame, shown above with sample of cornstalk paper, was used in paper making proc- 
ess. Pulp was poured into frame over nylon cloth bottom. Paper was heat-finished. 


sure vessel for two hours at a tempera- 
ture of 140°C. Great caution must be 
used in this step because the pressure 
builds up to 15 pounds/in*. The caustic 
liquor consists of 20 per cent NaOH 
and 5 per cent Na,SO, by weight in 
water. It is used with a ratio of 5 parts 
stalks to 3 parts cooking liquor by vol- 
ume. It is necessary to vent the cooker 
for the first few minutes of the cooking 
cycle to exhaust the air. After the com- 
pletion of the cooking, the pressure ves- 
sel is thoroughly cooled until the gauge 
drops to zero. Otherwise, upon opening, 
the alkali might splash in the opera- 


tor’s face. The stalks are then defibered 
in a beater and thoroughly washed to 
remove all of the liquor. 

The liquor-free raw pulp is bleached 
in 30 per cent solution of sodium hypo- 
chlorite for 12 hours. When bleaching 
is completed, the pulp acquires the 
white, fibrous texture of nearly pure 
cellulose. 

The process we used in the labora- 
tory for making paper is simple, but 
productive. The mold used to form the 
individual sheets of paper consists of a 
12” x 14” rectangular frame made of 2” 
wood. A double thickness of nylon is 
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tightly stretched across the bottom of 
the frame, and held fast by a thin mold- 
ing. This mold is placed in a basin con- 
taining 2 inches of water. A suspension 
of pulp in water is poured into the sub- 
merged mold and the water is gradu- 
ally drained from the basin, 

After the sheet becomes dry enough 
to move, it is placed on a photograph- 
er’s ferrotype board or pressed with a 
hot iron to insure a smooth surface. 
This paper has an excellent texture for 
water color paints, 

We found that an excellent insulat- 
ing board can be made from cornstalks. 
In the preparation of insulating board, 
it is not necessary to refine the stalk to 
the degree required for paper. About 

% hours cooking time proved sufficient. 

The preparation of insulating board 
is very similar to the method for mak- 
ing paper. Pulp is placed in the mold 
to the desired thickness. After settling, 
the mold was placed in a fitted press at 
5 Ibs. pressure/in*. After the water is 
drained from the press, the whole unit 
is dried in a ventilated oven at 120°C. 
for 10 hours. 


Boards from Cornstalk 


By regulating the amount of pulp, 
hydration, pressure, and drying rate of 
the board, it is possible to produce a 
board of almost any desired quality. 

The hardest type of board-like mate- 
rial that we were able to make is known 
as mazolith. There is a large amount 
of shrinkage during the drying of mazo- 
lith. But the dried board can easily be 
cut to any desired size and shape. 

When semi-hydrated pulp is placed 
in a beater for 15 minutes, it takes the 
form of tiny, fibrous beads. This mate- 
rial has many uses: for packing delicate 
glassware or any other breakable item, 
insulation, or as a filler and binder for 
building blocks and bricks. The fiber 
absorbs over seven times its own weight 





David Schubert 


An inexpensive flower pot molded from 
cornstalk pulp supplies humus for plants. 





David Schubert 


Among the many products produced from cornstalks was a heavy, durable building 
board called mazolith. Mazolith shrinks when drying but can be cut to desired shape. 


in water in one minute. This property 
may make the fiber useful as a dyna- 


mite absorbent or in surgical “sponges.” 


Another practical application for the 
cornstalk fiber is in the construction of 
flower pots. A flower pot cheaply 
molded from cornstalk pulp serves as 
both container and fertilizer for its plant. 
The whole unit—pot and _plant—is 
placed in the soil. After the plant is 
thoroughly soaked, the pot begins to 
decompose with the aid of the roots and 
soil bacteria. The plant quickly utilizes 
the small amount of nutrient material 
present in the pot, but the remaining 
roughage serves as needed humus. If 
desired, a small amount of fertilizer 
may be added to the pulp before mold- 
ing the pot. 


Cornstalk Rayon 


In order to produce rayon from the 
relatively impure cornstalk cellulose, it 
was necessary to adapt several changes 
in the commercial viscose process. 

The first step was to place about 50 
grams of bleached pulp in one liter of 
35 per cent NaOH. Here, again, the 
use of a strong lye solution calls for 
extreme caution. After the pulp has re- 
mained in solution for 15 days, it is 
removed and thoroughly dried between 
sheets of absorbent paper to remove as 
much sodium hydroxide as_ possible. 
The resulting alkali cellulose was im- 
mediately submerged in carbon di- 
sulfide for 14 hours to form a deep red 
compound, cellulose xanthate. The ex- 
cess carbon disulfide is removed from it 
by evaporation. (This process should 
be carried out over a water bath under 
a chemical hood.) To form viscose, the 
cellulose xanthate is finely divided and 


placed in a 5 per cent solution of 


sodium hydroxide for 8 hours, stirring 
frequently, 

Rayon is made by forcing the viscose 
through a glass capillary into dilute 
sulfuric acid (2-7) by using a glass 
syringe. It is necessary to apply pres- 
sure on the viscose thread before it 
touches the acid. Otherwise, it hardens 
at once and plugs the capillary’s orifice. 
With forceps, the thread of rayon is 
pulled through the acid, hung to dry. 

Of the numerous complex chemicals 
now on the market, perhaps none may 
be used in as many capacities as fur- 
fural. Furfural is an excellent solvent 
for most cellulose compounds. It can 
also be used in dyes, as a weed killer, 
and for treating seeds to eliminate para- 
sitic fungi. Furfural is also widely used 
as a selective solvent in refining proc- 
esses. A large variety of products are 
made from furfural-phenol resins. 

Furfural is prepared in the labora- 
tory by treating raw cornstalks with 
dilute acid and heating. In this process, 
certain sugary materials, pentosans, are 
hydrolyzed to form sugars. These, in 
turn, are converted to furfural. 

About 10 grams of finely divided 
stalk are placed in a glass retort with 
20 ml of 15 per cent H.SO.. After 5 
minutes, the acid is slowly boiled (use 
care to prevent splashing) until the solu- 
tion ceases to vield the oily, light brown 
liquid. Nearly 40 ml. of furfural can be 
condensed from 10 grams of dry corn 
stalk. 

Man may soon find it necessary to 
utilize fibers other than those from trees 
to fulfill his increasing demands for 
cellulose. Cornstalks may be one answet 
to our problem. Cornstalks are eco 
nomical, widely distributed, and avail 
able in large quantities. 
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The Glue of Matter 

The attractive force between mole- 
cules in a liquid causes such phenomena 
as surface tension. The force of surface 
tension in water can be measured by 
using a glass disk about two inches in 
diameter. At four points around the 
circumference of the disk (90 degrees 
apart), cement one end of two-foot 
lengths of thread. Join the other ends 
together and hang the disk from a low 
range spring balance (0-30g). If you 
do not have such a spring balance, use 
a light-weight helical spring. It can be 
calibrated by attaching gram weights. 

Next, place the glass disk on a water 
surface, making sure the disk is parallel 
to the water. Measure the force of sur- 
face tension with the spring balance by 
pulling upward. The amount of surface 
tension is surprising. Calculate the area 
of the disk in square centimeters and 
divide this into the force of surface 
tension as measured. The result is the 
surface tension per square centimeter. 
You then can try the effect of dust or 
oil on the surface and the effect of 
wetting agents as found in detergents. 
Test with different concentrations. 





Simple Cloud Chamber 

To study atomic particles such as 
alpha and beta, you can build a simple 
diffusion cloud chamber by using a 12- 
ounce or one-pint wide-mouth thermos 
bottle. The thermos is first filled with 
small pieces of dry ice and then with 
rubbing alcohol. The small vacuum bot- 
tle will maintain the necessary low 
temperature. You will then need about 
5 inches of copper pipe or tubing with 
a diameter that may vary from 3” tol”. 
Solder one end to the center of a 2-inch 
disk of brass or copper. The other side 
of the disk should be painted with 
black oil paint or black enamel. Do not 
use laquer. Next, take the top cover 
of the thermos bottle and make a hole 
in its top big enough to allow you to 
pass the copper tube through it with 
a loose fit. Then get a small transpar- 
ent plastic food dish about the size of 
a teacup. Make a hole in the center of 
the bottom to allow the pipe or tube 
to pass through. Now assemble the 
parts. Pass the open end of the tube 
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through the plastic food dish so that 
the disk remains inside the dish. Then 
pass the tube through the hole made in 
the thermos bottle cover. Place the end 
of the pipe into the dry ice and alco- 
hol mixture in the thermos bottle and 
serew the cover on. 

An old radium watch dial obtained 
from a jeweler can serve as a source of 
radioactivity. First place the dial in a 
dark drawer for a few days. If it glows 
in the dark at the end of that time it is 


a radium dial. Some watch dials use 


phosphors which store light energy 
during the day and glow for a few 
hours in the dark. These dials are not 
radioactive. Snip away one number on 
the dial and place it with a tweezer 
on the black painted metal disk, with 
the number facing up. Then cut out a 
strip of blotting paper %” wide and long 
enough to fit completely around the 
inside circumference of the plastic dish 
just below the top. Soak this blotting 
strip in rubbing alcohol and place it in 
the dish. Cover the clear plastic food 
dish with a 4” x 4” square of lucite or 
plexiglass. Shine a strong flashlight 
across the bottom of the dish so that 
the rays move over the top of the metal 
disk. Next rub the top of the lucite 
square with a piece of silk to give it 
an electrostatic charge. 


Photos of Alpha and Beta Tracks 


When the chamber is cold enough 
(this may require a ten-minute wait) 
you will begin to see alpha particle 
tracks streaming away from the radium 
number. If you use the chamber with- 
out the radium dial, you can occa- 
sionally observe cosmic rays. To see 
beta particle tracks hold a radium 
watch dial against the outside of the 
dish, after removing the crystal face 
from the watch. Beta tracks are wispy 
and curly, Alpha tracks are straight 
and heavy. Cosmic rays will move com- 
pletely across the chamber, entering 
and leaving through the walls. You can 
take photographs of the tracks with a 
triple-x film if the light source is a 
306-watt projector in place of the flash- 
light. 1/25th of a second exposure is 
fast enough with an f2 lens. 

For taking movies, simply use fast 
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Science World graphie 
Cloud chamber is built from thermos 
bottle, copper tube, brass disk, plastic 
dish. To study atomic particles, thermos 
is filled with dry ice and rubbing alcohol. 


black-and-white tilm ot the same speea 
as plus-x with an f1.9 or 2 lens. As a 
project, you can take the movies and 
examine each frame to see when alpha 
tracks started. Since each frame is 1/16 
second apart, collect data on the num- 
ber of new tracks that appear each 
1/16 sec. You will find that the results 
will differ. But if you look at 320 frames 
separately and then at another 320 
frames the average will be the same. 
However, the number counted per 1/16 
second will vary. This fact indicates 
that radioactive disintegration is a 
quantum phenomenon. The average 
number of particles released over a 
long period of time is almost constant 
(for radium), but the individual parti- 
cles are released in bursts which are 
not evenly spaced. 
Additional Starters 

Have your science teacher write to 
a large nuclear research center, re- 
questing a loan of exposed nuclear 
plates that have recorded cosmic rays. 
These can then be examined under the 
microscope to study the nuclear events. 
Light and Life 

1. Grow plants behind movable shut- 
ters that produce different long periods 
of dark and light. Compare growth. 

2. From a large plant nursery supply 
house or chemical supply house buy a 
one dollar bottle of auxin, Apply it to 
leaves and stems with a paint brash. 
Observe the effects. 

Gravity 

Make an accurate seconds pendulum 
that balances on a knife edge made 
from an injector razor blade. Drive 
the pendulum electromagnetically, then 
use it to control a clock movement. 




















Mt. Palomar Observatory 


HEN we think of a scientist, we 

usually envision a man toiling in 
the laboratory, surrounded by complex 
apparatus. We rarely think of a group 
of people, sitting around a table, dis- 
cussing the problems of the moment, or 
even of a solitary man, seated com- 
fortably in his armchair, and employ- 
ing the most versatile tool of all—the 
human brain. 

How well can you think a problem 
through to a valid conclusion when 
given the basic facts in a_ situation? 
Using the following discussion as your 
springboard, try to answer the ques- 
tions at the end of the article. You can 
have even more fun if you get a group 
of your science-minded friends together 
and use the questions to spark a round- 
table discussion. 


The Special Theory of Relativity 
makes a remarkable prediction. It pre- 
dicts that a space traveler moving with 
a speed approaching that of light 
(186,000 miles per second) will experi- 
ence a time change. His clock, com- 
pared to one on the Earth, will run 
slower. Not only will his clock run 
slower, but all the other time processes, 
including those of aging, will also slow 
down. He, of course, will not feel this 
time dilation. 


Message Cheaper Than Man 

Suppose a space traveler is moving 
at nine tenths the speed of light (written 
as 0.9C). If he takes a trip of one year’s 
duration (by Earth standards) at that 
speed, the theory predicts his clock 
will indicate that the trip took % year 
and he will have aged only % year. 

Unfortunately there are several prac- 
tical problems that may be very difficult 
to solve. Let us assume that the space 
ship is fueled by the most powerful fuel 
known to man—the fusion of hydrogen 
to helium. Let us further assume that 
the hydrogen is converted to helium 
with 100 per cent efficiency—that is, 
all the energy produced goes to moving 
the space ship forward. To get the ship 
moving with 0.9C, the ratio of the 
take-off weight to the final weight of 
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Hello, Out There! 


By THEODORE BENJAMIN 


the payload would be 107! to 1. In 
other words, to accelerate a 1-ton mass 
to nine-tenths the velocity of light 
would require 1 followed by 21 zeros 
tons of hydrogen. There just isn’t that 
much hydrogen available on Earth. 

However, at the present state of the 
art of communication, one kilowatt of 
electrical energy, 5¢ worth at current 
rates, can send a 60-word telegram a 
distance of 1 light year. If we are to 
send anything to the distant stars, it 
seems quite evident that we shall not 
send matter (which includes men), but 
rather we shall send radio waves. 

It is possible that somewhere within 
the reach of our radio transmitters there 
is a race of intelligent beings sufficiently 
advanced in the art of electronics to 
receive our signals and respond to 
them. If such a distant race of intel- 
ligent beings exists, they may already 
know what we know and, at this very 
moment, may be attempting to com- 
municate with us. 

What leads us, in the first place, to 
believe that life exists elsewhere in the 
universe? The answer lies in the sheer 
weight of statistical probability. Our 
galaxy contains almost 100 billion stars. 
Some are younger and some are older 
than our sun. No matter what special 
conditions may have been necessary to 
produce our planet and its subsequent 
life, somewhere in our galaxy or in the 
hundreds of millions of galaxies like 
our own, the same conditions are almost 
certain to have prevailed. 

A detailed look at stars within 100 
light years of the Earth shows many 
exciting possibilities. 

The type of star in which we would 
be most interested is one similar to our 
sun. Furthermore, we would also look 
for the ones possessing a rather slow 
rotational rate (small angular momen- 
tum). We look for this low angular 
momentum because we are fairly cer- 
tain that in the process of throwing out 
its planets, a star will lose some of its 
rotational energy. 

Within 15 light years of the Earth 
there are two stars which more or less 
meet our criteria. They are stars known 
as Tau Ceti and Epsilon Eridani. It is 








AE 


estimated that within 100 light years 
there are more than 20 similarly good 
prospects. 

If we are to direct radio signals at 
these stars or listen in for signals from 
intelligent life on their planets, an im- 
portant question must first be settled. 
On what frequency should we transmit 
or listen? If we had to listen for a weak 
signal against the background of static 
all the way across the dial from 50 
megacycles to 50,000 megacycles, a 
lifetime would not be sufficient to ex- 
plore the radio waves from even one 
star. 

Noise from Milky Way 

Is there one logical frequency that 
we might try? In 1931 the late Karl 
Jansky, a radio engineer from Bell Tele- 
phone, sought to track down the source 
of the background noise that can be 
heard in any radio receiver when the 
volume is turned full up and no station 
is tuned in. He came upon the startling 
discovery that some of the noise came 
from outer space in the direction of the 
Milky Way. 

The origin of these radio waves is in 
the excited atoms that make up the 
stars. By far the most prominent source 
of the waves is excited hydrogen atoms 
which “broadcast” on a frequency of 
1420 megacycles. By radio astronomy, 

(Continued on page 34) 
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Storming the Castle 

Once upon a time there was a castle 
on a perfectly square island. The island 
was surrounded by a moat 20 feet 
wide, as in the drawing below: 
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A spy sent to enter the castle and 
open the gates reached the moat, where 
he found two planks, each 19 feet 
long. He found a way of using the 
planks to cross the moat without get- 
ting wet. How did he do it? 

Paul A. Crim 
Stratford, lowa 
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BRAIN TEASERS 


Fair Split 
Two children often divide a piece of 

property, say a pie, by having one of 
them divide the pie into what he con- 
siders to be two equal shares, so that 
he will be content with either share. 
The other child is then allowed to 
choose the portion that he prefers. If 
there were three children, instead of 
two, all three desiring a fair share of the 
pie, could the problem be solved? Each 
child must be satisfied that he is get- 
ting at least his fair share of the total 
(at least one-third). 

Donald Dilbert 

Los Angeles, California 
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Dollar Digits 


What are the chances that a dollar 


bill found in the street will have 6, 8, 
or 0 in its serial number? 
Daniel P. Smith 
Scarsdale, New York 
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Do you have a favorite brain teaser? 
Send it to Science World, 33 West 42nd 
Street, New York 36, N. Y. We will pay 
five dollars for each one published. In- 
clude the name of your school, home 
address, and age. 





Paper Problem 
Can you cut a 3 x 4 inch piece of 
paper so that there is a hole in it large 
enough to pass vour body through? 
John Knudtson 
Smyrna, Tenn. 
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Answers to Crossword Puzzle 
(See Page 35) 
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Team up your camera with science projects. Illustrate your 
notebooks and reports. Prints and slides preserve a specimen 
long after the original wilts or fades. Ever try processing your 
own pictures? It’s challenging and rewarding. 






Win honors for your photos in Kodak’s big $11,750 contest. 
Pick your best snaps or slides. They can win up to $400. For 
information and entry blank, write to: Kodak High School 
Photo Awards, Rochester 4, N.Y. Contest closes March 31, 1961. 





Analyze the play— with your movie camera. Shoot the team’s 
new plays during practice. Project them for coach and team to 
study—over and over again. Movies can help polish up team- 
work. And they'll become priceless parts of your film library. 





Record nature’s ‘‘small worlds’”’ with camera and microscope. 
Photomicrography captures the secrets of the structure of a leaf, 
a hair—anything you see in a microscope. It is an invaluable 
research tool—and a fascinating way to report a project. 


a Photography ts the 





Brownie Automatic 
Movie Camera, f/2.3, 
sets own lens 








You get every vital second 
with this 8mm movie camera. 
Built-in electric eye 
measures light and sets lens 
automatically while you’re 
shooting. Less than $78, 

or as little as $8 down. 
Other 8mm Brownie Movie 
Cameras, from less than $25, 
or as little as $2.50 down. 


Prices are subject to change without notice. 





Brownie Starmatic 
Camera adjusts exposure 
automatically 





While you concentrate on the 
picture, this automatic camera 
sets its own lens. For snapshots 
or slides. Less than $30, or 

as little as $3 down. Cameras 
with built-in flash holders: 
Brownie Starflash Camera, 
less than $10; Brownie Starmite 
Camera which uses tiny AG-1 
bulbs, less than $11. 


EASTMAN KODAK COMPANY 


SEE KODAK'S “THE ED SULLIVAN SHOW" AND 
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TOMORROW... photography can do so many things for you 








Radiography ‘‘sees’’ inside a casting to detect hidden imper- 





fections. With X-rays, or gamma rays and film, engineers can 
examine a casting for internal flaws such as holes, sand, shrink- 


age. To be dependable, machines need flawless castings. 


Modern medicine has an ally in motion pictures and slides— 
as well as in radiography. For example, when a camera records 


an operation, physicians everywhere can “‘witness”’ it. Medical 


photography is used in diagnosis, reporting, teaching. 


fun with 





Rochester 4, N.Y. 


Kodak close-up lenses 
and color filters 








Make your camera a more versatile 


scientific tool. Filters let you increase 


contrast, bring out more detail in a 
subject. Kodak Portra Lenses enable 
regular cameras to make frame- 
filling close-ups of small specimens, 
only a few inches from the camera. 
Let your Kodak dealer tell you 


about these interesting scientific aids. 


“THE ADVENTURES OF OZZIE AND HARRIET" 
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a future! 


See your dealer for exact retail prices. 
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Film helps to explain the atom. Because nuclear phenomena 
occur at such incredible speeds, they can be studied only after 
they are caught on photographic film. Here, physicists examine 
the track of particles of antimatter flung from a cyclotron. 





This ‘‘notebook’’ never forgets a detail. Architects and in- 
dustrial designers take pictures to remember new ideas and 
record work in progress. And in the drafting room, photographic 
reproduction saves countless hours of retracing drawings. 


Use dependable 
Kodak Film 
Kodak makes = 
color and black- 
and-white films for all popular 
cameras and many special films 








for industrial and scientific use. 




















Nuclear Detectives 


Dear Editor: 

What is the difference between a 
geiger counter and a_ scintillation 
counter? 

Jan Hanssen 
St. Paul, Minnesota 


Answer: Both the scintillation counter 
and Geiger-Mueller counter are in- 
struments for detecting radioactivity. 
When the nuclei of radioactive atoms 
break down, they produce high energy 
particles and radiation, which can be 
detected by the counters. The energy of 
alpha and beta particles and gamma 
radiation can ionize other atoms and 
molecules, or they can cause certain 
atoms to emit light. The Geiger-Mueller 
counter generally measures or records 
the ion-producing effect of beta and 
gamma _ rays. Scintillation counters 
record the light emissions produced 
when particles collide with certain kinds 
of atoms (usually sodium iodide). 

Each instrument consists of three 
parts: a detector, an amplifier, and a 
counting or recording device. The de- 
tector of the Geiger-Mueller counter is 
a gas-filled tube through which runs a 
positively charged wire. It is called a 
Geiger tube. The inner wall of the tube 
is a metal cylinder and negatively 
charged. Wall and wire are separated 
by an inert gas (helium or argon) un- 
der low pressure. If beta or gamma 
rays enter the gas, they ionize some 
of the gas atoms, producing an “ava- 
lanche” of electrons and leaving posi- 
tive gas ions. The electrons migrate 
toward the positive wire and the ions 
move toward the negative wall. This 
movement of electrons to one electrode 
and positive ions to the other consti- 
tutes an electric current. It is, of course, 
a very small current. But it can be 
amplified to flash a light, click an ear- 
phone, or activate a mechanical counter. 

Scintillations can sometimes be ob- 
served without special equipment. Your 
watch dial may be luminous because 
alpha particles from the disintegration 
of the radium atoms will cause atoms 
of phosphorescent zinc sulfide to emit 
a flash of light. A scintillation counter 
makes use of this effect. In its detector 
component, some phosphorescent ma- 
terial is used in conjunction with a 
photomultiplier tube. The photo multi- 
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plier converts the light energy into 
electrical energy. The tiny electrical 
currents are amplified and made to 
operate a flashing tube or mechanical 
counter to keep a score of nuclear events. 


Doceo, docere, docui, doctus 
Dear Editor: 

Many of the scientists I read about 
in Science World are called doctor. I 
know that they have a degree called 
Ph.D., but I really don’t know what it 
is or how they get it. 

Jim Preston, 
Columbus, Ohio 


Answer: Although the initials Ph.D. 
mean doctor of philosophy, very few 
people who have the degree today have 
studied philosophy as it is defined now- 
adays. The name of the degree comes 
down from the medieval universities 
where theoretical studies of almost any 
subject in the curriculum were called 
philosophy. In fact, right up through 
the nineteenth century, until 1890, sci- 
ence was called natural philosophy. 

Students in medieval times were 
taught in Latin. Doctor is the Latin 
word for teacher.-When the medieval 
student earned the title, he was quali- 
fied to teach in one of the universities. 

Today the Ph.D. and Doctor of Sci- 
ence are the most advanced degrees 
that can be earned in the sciences. The 
first Ph.D.’s in America were given at 
the end of the last century by The Johns 
Hopkins University, Baltimore, Md., 
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which adapted a graduate program 
from German universities. 

The standard time requirement for 
a Ph.D. is three years of study beyond 
college graduation. Excellence and 
competence rather than time are held 
to be the criteria. The student is ex- 
pected to become fairly expert in one 
field and at least two related fields. He 
is also expected to learn research tech- 
niques and carry out an original re- 
search project. At the end of the study 
and research there is a series of difficult 
written and oral examinations on the 
fields of study and the research. 

It is not necessary to earn a Ph.D. 
in order to be a scientist. Only about 
40 per cent of scientists in colleges and 
universities have the Ph.D. degree. 
But years of advanced study are re- 
quired. Thus many people who plan a 
teaching or research career also plan 
to earn a Ph.D. degree. 


Tsunami Without Numbers 


Dear Editor: 

What happened to some of the num- 
bers in the drawing on page 10 of the 
Sept. 14 issue? They were blacked out 
and literally left me in the dark. 

Charles Merkel 
Chicago, Ill. 


Answer: There’s many a byway (and 
many a slip) between the artist’s draw- 
ing board and the printing press. Some 
of the numbers got lost on their way 
from one to the other. A corrected 
drawing is presented below. 
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World graphic 


Illustration above is corrected drawing of one which appeared on page 10 of Sept. 
14, 1960 issue with some of numbers blacked out. Drawing shows steps involved 
when tsunami (seismic tidal wave), set in motion by earthquake, crosses ocean at jet 
speeds. In shallow water, energy of tsunami produces waves of enormous force. 
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Science PAST... 


Imagine the en- 
gineering and 
construction prob- 
lems involved in 
wm building the 

= Tower of Babel 
s (pictured at left) 
2,500 years ago 
* when only primi- 
tive tools and in- 
struments existed! 


‘The entire exciting saga of man’s first 


cultural endeavors unfolds before your 
eyes in The Anvil of Civilization, avail- 
able this month. 


and Science FUTURE... 


For more than 150 years,one of man’s 
most ambitious dreams has been to con- 
struct a tunnel from Great Britain to 
France beneath the English Channel. 
Can it be done? Pictured below is an 
engineer's sketch of one tunnel possi- 
bility, designed for motor traffic and 
railway trains alike. Willy Ley, world- 
famous scientist and writer for Sci- 





ence World, discusses this and eight 
other pag projects in Engineers’ 


Dreams, a book that may give you 
dreams of your own! Details are on the 
next page. 
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BRAND NEW BOOK CLUB 
OFF TO A JET START 


Science fans! For the first time—anywhere—a book club has been designed 
especially for you. Six times this school year—right from the pages of Science 
World—you will be able to choose among paperback books keyed to the latest- 
breaking scientific developments of our time. 





MEET YOUR AUTHORS 


Martin Caidin, au- 
thor of this month’s 
X-15, has been writ- 
ing in the field of 
aviation since he was 
sixteen. By the time 
he reached the ripe § 
old age of seventeen, 
he had published almost 200 ities @ on 
science, rockets and atomic warfare. 
Since then he’s written numerous books 
on missiles and space travel, including 
one documentary novel. Mr. Caidin lives 
in New York with his wife and small 
child. His hobby? You guessed it — 
flying! 

Microbe Hunters, by Paul de Kruif, 
started out merely as background mate- 
rial for Sinclair Lewis’s novel Arrow- 
smith. While doing the medical and 
scientific research, Mr. de Kruif realized 
that he had the makings of a book of 
his own! An ardent crusader, de Kruif 
has written since 1935 to further the 
spread of preventive medicine. 








Here’s a teaser called “Puzzle With- 

out a Number,” from Magic House 

of Numbers, a Science World Book 

Club selection. 
Cut out a piece of cardboard in 
the shape of the cross shown at 
right (draw a square and then 
attach an equal square to each 
of its sides). Now make four 
straight cuts that divide the cross 
into five pieces that can be ar- 
ranged to form a square. 

Can you solve it? The answer is in your 

teacher’s edition of Science World. 





Can You Solve This? 












































What's your favorite science — chem- 
istry, physics, electronics? Bacteriology, 
botany, biology? Astronomy, archae- 
ology, anthropology? Or perhaps space 
travel and science fiction? Science World 
Book Club will hit them all! 

Each offer will include the widest pos- 
sible scope in science and related fields. 
You'll learn not only about scientific dis- 
coveries, but about the men and women 
behind them. 

Offer number one—see the following 
two pages for details—gets off to a jet 
start with everything from microbe hunt- 
ing to mathematics. Whether you plan 
to be a doctor, engineer, space-research- 
er or science teacher, here’s low-cost 
reading (at discount prices) to help you 
prepare for the future—and enjoy your- 
self at the same time! 


This Month’s Books 


Here’s a sample of this month's 
selections: 
e X-15, Man’s First Flight into Space— 
a visit to the threshold of a new era, 
with the ship that has just broken all 
speed and altitude records. 
e Microbe Hunters—laboratories all over 
the globe probe the secrets of life and 
death. 
e One Two Three . . . Infinity — one- 
time speculations about the world we 
live in are proved as facts. 
e The Time Machine —a scientist is 
catapulted 800,000 years ahead into the 
midst of a terrifying civilization . . . fast- 
paced science-fiction. Plus 16 other ad- 
ventures in science reading. 

Remember, there is no set number of 
books a member must buy each time;’ 
there is no membership fee; you need 
not order from every ~ The only re- 
quirement is that a Club must buy at 
least 15 books every time it orders. Ask 
your teacher for details. 

Build up your science library — 
Science World Book Club! 


join 
























at discount prices—with the 20 selections 
pictured on these two pages. Boost your 
grades, prepare for the future, and enjoy 


the best science authors writing today! 


SCIENCE WORLD 
BOOK CLUB NEWS 


Start stocking your science library now— 








*X-15—MAN’S FIRST FLIGHT 
INTO SPACE —Martin Caidin 


Meet the men making record- 
breaking flights into space. Sit 
with them behind the controls 
of the world’s first spaceship— 
the X-15. Watch them undergo 
the body-punishing pre-flight 
tests; meet their families, learn 
the dangers that await them 
beyond our atmosphere. Photos 
on almost every thrilling page! 
5 
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WORLD ATLAS 


Up-to-date maps of all coun. | 
tries of the world — plus the 

living story of maps, globes | 
and the part they play in the | 
world today. Also, map facts | 
on how to read projections . ., 7 
what contours are and how to §} 
use them . . . dozens of full- 
color drawings. An invaluable 
look-it-up book for all — and 9} 
bargain priced! 35¢ 30¢ 
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HOW TO KNOW AND 
PREDICT THE WEATHER 
— Robert M. Fisher 


No matter how good a weather 
prophet you are, here’s your 
chance to improve! What 
causes hurricanes .. . heat 
waves ... clouds, rain and fog? 
Here are illustrated answers to 
these and many other puzzlers. 
Interesting reading; helpful 
with pea work, too. Every- 
one talks about the weather— 
here’s a way to know what 


you're talking about! 56¢ 45¢ 


CRUST OF THE! 
EARTH 


THE CRUST OF THE EARTH 
— Rapport & Wright 


How was the earth born? What 





*FUN WITH CHEMISTRY 





causes volcanic eruptions? | 


What will happen when our 
oil and fresh water resources 


are used up? How long will the | 
earth remain habitable? Here’s | 


the background you need for 
understanding current investi- 
gations of the earth’s crust — 
including the fabulous Mohole 
Project. ¢ 


eenteiinatasate 


*Recommended for General Science Students 


— Mae & Ira Freeman 


Want to write a secret message 
chemically? See fire produce 
water? Watch plants breathe? 
Here are 28 easy chemistry ex- 
periments using simple mate- 
rials. Pictures show you how. 
Have fun—and learn strange, 
exciting scientific facts you can 
prove to your friends. (P.S 
You can do it all in your own 


home.) 25¢ 





ENGINEERS’ DREAMS 
— Willy Ley 


Great projects that could come } 
true in your lifetime: a tunnel | 
beneath the English Channel } 
... harnessing the power of the 
sun, wind and live volcanoes 
. . . man-made islands in the | 
middle of the ocean! A famed | 
scientist and writer for Science | 
World tells about nine fantas- | 
tic engineers’ dreams—some of 
which are being planned right 
now! $ $1.10 





THE TIME MACHINE 
—H. G. Wells 


Trapped. by cannibals — and 
he’s 800,000 years from home! 
Ride with the Time Traveler 
into the future. Meet the frail, 
pathetic Eloi .. . the clammy, 
ghostlike Morlocks. The Time 
Traveler learns that he’s deal- 
ing with man-eaters—and then 
his Time Machine is stolen! 
All-time S-F great, by the au- 
thor of The Invisible Man. Also 
a hit movie! 25¢ 


MICROBE 
HUNTERS 


MICROBE HUNTERS 
— Paul de Kruif 


One of the great best-sellers of | 


modern times — 13 scientific 
pioneers challenge the terrors 
of the unknown .. . and win! 
Learn how the dangers of diph- 
theria, malaria, yellow fever 
and other killers were conquered 
by raw determination and fear- 
less exposure to these dread 
diseases. Dramatic and inspir- 


ing episodes—all true! 356 30¢ 








SLIDE RULE — HOW TO USE IT 5 
—Calvin C. Bishop | 


Simple, practical — fully illus. § 
trated guide to proficiency with 

this indispensable tool. Com- | 
plete explanations and charts 
show exactly how to set and 
operate all the most popular 
types of rules. More than 200 
problems develop speed and 
accuracy. Here’s a book you'll 
keep handy till the end of your 
college days! $ $1.10 


uae 





THE AIR FORCE BLUE BOOK 
—Tom Compere, ed. 


The Air Force is up to its wings 
in science—just look at today's 
headlines—and here’s the book 
that shows you where you can 
fit in and be well on your way 
to a career in science. 
Crammed with 382 pages of 
text and photos, it covers every- 
thing from our newest elec- 
tronic sentinel to the drama of 
a countdown. Special, low- 


priced Club edition! 5e¢ 45¢ 
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*MAGIC HOUSE OF NUMBERS 
— Irving Adler 


Have fun with numbers — and 
pick up dozens of handy short- 
cuts to help you in math! Clear 
and simple methods of count- 
ing, dividing and multiplying 
. card tricks, mathematical 
riddles and curiosities, number 
games and puzzles. Learn the 
whole basis of our ten-scale 
number system—and be enter- 
tained at the same time! 


Magic 
Mines of 


umbers 





*CODES AND SECRET WRITING 
— Herbert S. Zim 


Devise your own code wheels 
. . . know when to use alpha- 
betical, cipher, symbol and 
position codes . . . Make your 
own invisible ink (ten different 
kinds, with their developers! ). 
Dr. Zim, a well-known expert, 
teaches you how to become a 
code expert and then tells you 
how to break other people’s 


codes! 25¢ 











ONE TWO THREE... INFINITY 
— George Gamow 


Can space be “bent”? How do 
you count an infinity? Why 
does a rocket shrink? George 
Gamow—world renowned sci- 
entist—takes you on a stimu- 
lating adventure into the won- 
derland of scientific fact and 
theory. Includes brain-teasing 
questions of numbers, excur- 
sions into the fourth dimension, 
much more. With over a hun- 


dred illustrations! 56¢ 45¢ 


Electronics 
FOR EVERYONE 





ELECTRONICS FOR EVERYONE 
— Monroe Upton 


Engrossing story of man’s con- 
quest of “our most revolution- 
ary science.” From important 
fundamental discoveries in the 
field to the fascinating story of 
man’s conquest of the versatile 
electron. “Must” reading for 
hi-fi fans as well as physics stu- 
dents. Highlighted by more 
than 100 drawings. 586 45¢ 


ELEVEN BLUE MEN 
— Berton Roueché 


Eleven men collapse, then turn 
blue all over . . . a nightmarish 
fog strikes down half a town’s 
population . . . deadly tetanus 
kils six and is then tracked to 
a common source! See doctors 
turn detective to corner elu- 
sive killers. Here are twelve 
medical “whatdunits” that will 
keep you on the edge of your 
seat—all true stories! 25¢ 





pa i 


WHITE WITCH DOCTOR 
— Louise Stinetorf 


Adventure was Ellen Burton’s 
specialty, but she got more 
than she bargained for as med- 
ical missionary deep in the 
Belgian Congo. Exciting story 
of love, danger and excitement 
in a country where a shotgun 
was worth a fortune, and a tin 
can would buy a wife! Fact- 
based fiction from the African 
jungle. 





THE CHEMICAL ELEMENTS 
— Helen Miles Davis 


How many chemical elements 
are there? No one knows! This 
mystery is one of the most 
spellbinding unfinished stories 
in the physical universe. Read 
how scientists are prying loose 
the answers with cosmic rays 
and giant accelerators . . . how 
the blank pages in the Periodic 
Table are being filled by atomic 
research. Ideal chem handbook. 


SL Pi aoe 
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THE SEA AROUND US 
— Rachel Carson 


From the centuries of ceaseless 
rainfall that created the sea, 
and from the sea’s own millen- 
iums that created the first 
life, Rachel Carson traces the 
strange links of the sea and 
its life to our own. A modern 
classic—winner of the National 
Book Award, and a distin- 
guished addition to every sci- 
ence library. 58€ 45¢ 











THE ANVIL OF CIVILIZATION 
— Leonard Cottrell 


Our hidden past, unearthed 
from desert sands by history’s 
master-detective — the archae- 
ologist! Relive the perpetually 
interesting story of Egypt and 
its momentous achievements... 
the stirring saga of Babylon, 
Troy and the Hittite Empire 
as they rise to power—and sink 


into oblivion! 586 45¢ 





THE UNIVERSE AND DR. 
EINSTEIN —Lincoln Barnett 


Here’s “the best account yet 
written” of the new era ush- 
ered in by Einstein’s discoveries. 
In the entire history of the 
world, few men have revolu- 
tionized human thinking as did 
this physicist-genius. An under- 
standing of his lifework is a 
must for all serious science 


students. (Note: also included: 


the latest nuclear discoveries! ) 


45¢ 








*Recommended for General Science Students 


r IMPORTANT! -------- 


' ORDER COUPON FOR SEPT.-OCT. SELECTIONS 


X-15—25¢ 

World Atlas—30¢ 

Predict the Weather—45¢ 
Fun with Chemistry—25¢ 
The Time Machine—25¢ 
Slide Rule—$1.10 

Crust of the Earth—45¢ 
Engineer's Dreams—$1.10 
Microbe Hunters—30¢ 

Air Force Blue Book—45¢ 


OOOOOOOO000 


Fill in coupon, fold and tear along dotted lines. Then give coupon 
to teacher or class treasurer, with amount of money shown in TOTAL. 


House of Numbers—30¢ 
Codes, Secret Writing—25¢ 
Eleven Blue Men—25¢ 
Chemical Elements—45¢ 

1, 2,3... Infinity—45¢ 
Electronics—45¢ 

White Witch Doctor—30¢ 
The Sea Around Us—45¢ 
Anvil of Civilization—45¢ 
Universe, Dr. Einstein—45¢ 


OOUOOO00o00 


TOTAL $___ 





Do not mail this coupon. Use Order Form in Teacher Edition. 

















Virus Hunter 


(Continued from page 20) 


Now what is the relationship between 
a virus and disease? 

The first virus was identified in 1935. 
Since then, some 300 viruses have been 
found. An isolated virus does not even 
resemble a living organism. It is a tiny 
particle made up of two chemical sub- 
stances—protein and nucleic acid. The 
protein is a coat around the acid. Ex- 
tracted in a pure state, viruses do not 
move or reproduce. Inside a living cell, 
however, viruses come alive, begin to 
multiply, and reproduce their charac- 
teristic structure. 

But how do viruses get inside a cell? 

They enter the body through cuts or 
in food. The blood carries them past 
various cells until they meet cells they 
are capable of “attacking.” 

The attack begins when the protein 
outer coat “punctures” the cell wall. 
Then the core of the virus, a large 
molecule of nucleic acid (DNA), is in- 
jected into the cell. The protein outer 
coat is left outside the cell. In as little 
as one tenth of a second, a virus can 
inject itself into a cell. 


The Virus—Deadly Parasite 


The polio virus is one of the smallest 
of all viruses. One million polio viruses 
lined up side by side would equal an 
inch in length. They are spherical in 
shape. Sixty identical units of protein 
are arranged like the seeds of a rasp- 
berry around a core of nucleic acid. The 
nucleic acid molecule is made of two 
spiral strands coiled around each other. 

The protein coat of the polio virus is 
capable of “puncturing” the membrane 
of nerve cells. As soon as the nucleic 
acid passes into the nerve cell, it be- 
gins to multiply, destroying the cell in 
the process. The coiled strands separate 
and begin to mold other coiled strands. 
In a few hours, about 100,000 new 
viruses are formed. 

When the virus invades a body cell. 
it does not reproduce as bacteria do— 
by splitting. The most recent hypothesis 
is that the virus “takes command” of 
the cell and uses its materials to de- 
velop a new colony of viruses. No one 
knows yet how each new virus is able 
to construct a protein coat identical to 
the original one left outside the cell. 
It is believed that the key to this phe- 
nomenon lies in the nucleic acid. 

As the viruses multiply, they spread 
to neighboring nerve cells. When most 
of the nerve cells serving a part of the 
body are destroyed, paralysis occurs. 

The problem for polio vaccine de- 
velopers: Find a type of polio virus 
which cannot destroy nerve cells, yet 


can stimulate formation of antibodies. 

Dr. Jonas Salk developed his vaccine 
using a killed virus. Since killed viruses 
cannot multiply, no nerve cells are de- 
stroyed when the viruses are used for 
antibody production. 

Dr. Sabin chose another method of 
obtaining a harmless form of the polio 
virus for use in a vaccine. He suspected 
that the laws of heredity would pro- 
duce a form of the virus that can live 
in the body without attacking nerve 
cells. With the backing of the National 
Foundation, he grew generation after 
generation of the polio virus in his lab- 
oratory. At last he found an attenuated 
(weak and harmless) form. This attenu- 
ated live virus grows well in the human 
intestine. It also makes its way into the 
blood stream and stimulates antibody 
formation. But it never causes paralysis. 

The live virus vaccine can be taken 
by mouth. The harmless viruses live 
and multiply in the intestine indefinitely, 
giving life-long protection against the 
dangerous virus form. The harmless 
virus can be “caught” by people in 
close contact with each other. In this 
way the immunity can spread through- 
out a community. 

The apparent lateness of the Public 
Health Service’s approval of Dr. Sabin’s 
vaccine was due to caution in testing 
the harmless live virus. Some scientists 
felt that the harmless virus may, in its 
passage from person to person, revert 
back into the dangerous form. Dr. Sabin 
is not worried about this possibility. So 
far, carefully controlled experiments 
show this is unlikely. 

Next Project—Cancer 

Dr. Sabin modestly considers research 
his “hobby,” and feels his “principal 
achievements” are his daughters—Deb- 
orah, 10, and Amy, 8. 

In his spare time Dr. Sabin enjoys 
listening to music, which helps him to 
“recharge the mental batteries.” 

“My work on the polio vaccine is 
over, Dr. Sabin told us, “and I have 
already turned my attention to cancer 
research.” 

Good luck, Dr. Sabin! 


—W ALTER CARROLL 








Hello, Out There 


(Continued from page 26) 
we have mapped our galaxy and those 
beyond by using the 1420 mc radio 
wave radiation from excited hydrogen, 
Is this the frequency that we should 
use for our exploration? 

If living creatures elsewhere in the 
universe were as developed as we are, 
they too would probably have discov- 
ered radio astronomy, and they too 
would have discovered the uniqueness 
of the 1420 me radiation of hydrogen. 
Suppose we were to set up a transmit- 
ter with a power of one megawatt per 
cycle operating at the 1420 mc fre- 
quency. To the radio astronomer on a 
distant planet, the Earth would “shine 
out” almost a million times brighter 
than any other single object in our sec- 
tion of the heavens. 

If we added an intelligible signal to 
our radio wave, our distant friend could 
be certain that intelligent beings existed 
elsewhere in the universe. Perhaps just 
such a transmitter is being built or is 
operating at this very moment on some 
obscure planet of a distant star! 


Questions 

1. Should we first set up 
and listen on the 1420 mc frequency, 
and then, after listening for 50 to 100 
years, begin transmission—or should we 
do it the other way around? 

2. What signals should we transmit 
that will assure recognition by intel- 
ligent beings? 

3. Presuming that we establish radio 
contact with a life form beyond the 
solar system, what possible dangers 
could arise? What advantages? 

4. How could we most quickly 
ascertain whether a distant civilization 
is advanced scientifically beyond ours? 
(Remember it may take 100 years for 
replies to questions we might ask!) 


receivers 


Answers 

1. Project Ozma (on which the pass- 
age is based) has chosen to receive 
first. 

2. The suggestion has been made that 
we transmit a series of cardinal num- 
bers (1, 2, 3, 4, ...) or prime numbers 
(8,-6.3. Bt 

3. Since the likelihood of hurling mat- 
ter across the intervening space is not 
very great, war as we know it would 
not be possible. All that could be ex- 
changed is knowledge. 

4. One suggestion is that we trans 
mit what is known as the fine structure 
constant of hydrogen (137.062). We 
know this number to 3 decimal places. 
If we receive in return the number with 
additional decimal places, we shall 
know that their understanding of the 
quantum theory is beyond ours. 


SCIENCE WORLD 


| 
| 


















e 


those 
radio 
rogen, 
should 


in the 
€ are, 
liscov- 
y too 
1eness 
rogen. 
nsmit- 
tt per 
c fre- 
ona 
“shine 
ighter 
r sec- 


nal to 
could 
xisted 
s just 
or is 
some 


>1Vers 
ency, 
» 100 
d we 


nsmit 
intel- 


radio 
| the 


ngers 


‘ickly 
ation 
ours? 
s for 


) 


pass- 
-eive 


that 
1um- 
bers 


mat- 

not 
ould 
- ex: 


‘anis- 
ture 


We 


Ces. 
with 
shall 

the 








ne 


aE 


— 





Biology Roundup 


By Cheryl Sarandrea, Villa Joseph Marie High School, Newtown, Pa. 


* Starred words refer to biology 


Students are invited to 
submit original crossword 
puzzles for publication 
in Science World. 
Each puzzle should be 
bu'lt around one topic 
in science, such as as- 
tronomy, botany, geolo- 
gy, space, electronics, 
famous scientists, etc. 
Maximum about 50 
words, of which at least 
10 must be related to 
the theme. For each puz- 
zle published we will 
pay S10. Entries must in- 
clude symmetrical puzzle 
design, definitions, an- 
swers on separate sheets, 
design with answers 
filled in, and statement 
by student that the puz- 
zle is original and his 
own work. Keep a copy 
as puzzles cannot be re- 
turned. Give name, ad- 
dress, school, and grade. 
Address Puzzle Editor, 
Science World, 33 West 
42nd Street, New York 
36, New York. Answers 
to this puzzle are on 
page 27. 


“ Larva of certain insects. 


I. 
* 5. Any of various cavities or chambers; 
esp. auricle of the heart. 
10. Used with a rowboat. 
12. Forbid. 
13. Negative answer. 
*15. The pole phase is part of a 
frog’s life cycle. 
17. Hours atter noon (abbr.). 
18. Strike lightly. 


*19,. Tube-shaped water animal. 

20. Changes rotary motion to linear. 

21. Lieutenant (abbr.). 

23. Adam’s wife. 

25. Former name of element 43 (symbol). 
26. To place. 
*28. Anacrobic bacteria may produce 

0. LO. 
°31. Great artery which carries blood from 
heart to body. 

33. Element number 50. 

35. Automatic volume expansion (abbr.). 
37. Lanthanum (chemical symbol), 


39. High-speed stream of hot gases. 
tl. Near to. 
12. Rock roll. 
13, _ cords are located in the larynx. 
14. Secret agent. 
15. Street (abbr.). 
7. Gamble on probability. 

19. Inventor of cyclotron (initials). 

50. Animal kept for pleasure. 

52. Weep in gasps. 

54. Whatever you reply. 
*55. Outer leaf-like parts at base of flower. 
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io—_ 


39. 


. To make by tatting. 


16. 


. Conjunction meaning either. 


. Vertebrate that nurses its young. 
. Shell of clam. 


. Substance used to bring out detail in 


. Covers epidermis of a leaf. 
. Worm-like stage of insect develop- 


. Basis of decimal numbers. 


2. Amber-colored liquid found in blood. 
. Waste material. 

}. Stalk-like parts of pistil. 

38. Small social insect of hymenoptera 


. Toy made to spin. 

. Postscript (abbr.). 

. Tellurium (chemical symbol). 
. Element number 34. 

. Barium (chemical symbol), 








. Outer covering of soft part of clam. | 


When traffic lights turn green, you 


Matter that lacks fixed shape and 
volume. 


Disease caused by tubercle bacillus 
(wbbr.). 

Moved rapidly. 

If youre not out, you’re —___ 


Edible grain. 
Phalange of human foot. 


cells. 
Nickname for Pamela. 


ment, 
Beat lightly. 


Portuguese territory in India. 
Female saint (French abbr.). 


order. 


A book of the Old Testament. 


Large tailless Old World monkey. 
Water droplets condensed on cool 
surfaces. 








if you please, we 
‘Rana Catesbeiana’ 
not ‘hoppy-toad.’” 


“Mr. Twiggle, 
refer to the 
as ‘frog,’ 





“That new plane is sure fast! 1 
flew to the West Coast this morn- 
ing, and arrived there yesterday!” 








“Now for tomorrow's weather and 
the explanation of what went 








wrong with yesterday's forecast.” 


GD SHUI STUFE 


Weird groans, 








moaning winds, clanking chains 





and creaking stairs; spooky sounds for party 
fun, first time ever offered—a 1!2'' LP album 
with 40 min. of ‘“‘haunting’’ sounds. Send $4.98 





check or money order. MP-TV Services, Dept. SW, 
7000 Santa Monica Bivd., Hollywood, Calif. 




















In (961. 
the Valiant will meet its 
first real challenge 
in the compact car field- 
the new Lancer 
by Dodge 


(In 1960, Valiant beat the carburetors off the other two new compacts in 
the Mobilgas Economy Run, walked away with performance honors at 
Daytona, and won the New York Couture Group award for styling) 























Valiant Lancer 
Debut Dates 
aa Plymouth September 29 
Valiant September 29 
Ch r° sler / Dodge September 29 
é uJ V4, Dart September 29 
Lancer September 29 
= (our new compact) 
Cc & De Soto October 14 
orporation og 
Imperial September 29 
4 ° ’ ° Dodge Trucks September 29 
Serving America’s new quest for quality 
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Using Science World 
(Continued from page 10-T) 


3. “Today we know that the nuclear 
force between two particles is negligible 
if the distance between the particles is 
more than four fermis.” (a) How do we 
know? (b) What is a fermi? (c) What 
is the diameter of the hydrogen atom? 

4. How did Yukawa’s particles come 
to be named “mesons”? Explain the re- 
lationship between mesons, on one 
hand, and protons and neutrons, on the 
other. 

5. By what methods was the actual 
existence of Yukawa’s particles discov- 
ered? Why were they renamed _pi- 
mesons? 

6. Describe the methods being used 
by atomic physicists at the present time 
in studying atomic forces. 


Today’s Scientists—Dr. Albert 
Sabin (p. 20) 


Biology Topics: Immunity, microparasi- 
tism, viruses, disease prevention. 
Vocational Guidance: Microbiologist 


About This Article 

A number of points in the life story 
of this celebrated investigator deserve 
emphasis. He rose from humble begin- 
nings in a poor immigrant family—a tri- 
bute to America as a land of opportu- 
nity. His life was profoundly influenced 
by a book; the reading of Paul de 
Kruifs Microbe Hunters turned the 
voung dentistry student to microbiology. 
This last point should impress teachers 
with the potential they have for influ- 
encing the lives of their charges. Once 


started in polio research, Dr. Sabin was 
ticketed for 25 years of persistent effort 
that led to his becoming a benefactor 
of all humanity. 

Students reading this piece will also 
gather some significant information 
about immunity, the biochemistry ot 
viruses in general, and they will learn 
how viruses attack larger microorgan- 
isms and the cells of multicellular 
plants and animals. The following re- 
view questions are based on the biology 
content of this article. 


Review Questions 

1. When was the first virus isolated. 

2. How many different kinds of 
viruses have been isolated to date? 

3. How does a virus get into a cell? 

4. .How does the polio virus get into 
a nerve cell? 

5. How does the polio virus multiply 
once it enters the nerve cell? 

6. Contrast the Salk vaccine with the 
Sabin vaccine. 

7. What are some advantages of the 
Sabin over the Salk method of polio 
control? 

8. Why was the use of the Sabin vac- 
cine so long delayed? 


Tomorrow’s Scientists (pp. 21- 
24) 


Utilization of Cornstalk Waste 


Absorbent paper, cardboard, insula- 
ting board, packing material—all from 
old cornstalks that would otherwise go 
to waste; this is the theme of David 
Schubert’s chemistry project. ‘It is pos- 
sible,” states David, “to produce board 
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of almost any desired quality.” He can 
even produce a flower pot that decays 
in the soil and is eventually used by 
the plant that grew within it. 

From his paper-making, David went 
on to produce rayon fiber and furfural, 
a solvent useful in dyes, as a weed kill- 
er, and for treating seeds to eliminate 
parasitic fungi. From this young scien- 
tist’s work it is evident that industry 
may well turn from trees to corn stalks 
to satisfy its ever increasing need for 
cellulose. 


Teaching Suggestions 

David’s project-report may be as- 
signed as reading in the chemistry class 
to supplement the usually meager treat- 
ment given to the compounds of carbon 
in most elementary textbooks. The re- 
port may also be used to illustrate to a 
class the general principle to be kept 
in mind in writing a scientific paper; 
namely, that procedures must be des- 
cribed in such detail that a reader could 
repeat them to verify the observations 
being reported. 


Life Cycle of Coturnix, A New Lab- 

eratory Animal 

For her project, Sarah Johnson has 
made a photographic record of the em- 
brvonic development of the Japanese 
Quail, Colinus coturnix japonicqa. While 
her project is observational rather than 
experimental, it is nevertheless interest- 
ing. It can serve not only to introduce 
students to the Germfree Research Cen- 
ter at Tampa, Florida, but also to in- 
troduce biology students to a_ bird 
whose life history and other character- 
istics make it a potentially useful organ- 
ism for laboratory experiments. 





Demonstrations andExperiments 


Nothing is more effective in stimula- 
ting interest and instilling an under- 
standing of scientific principles than a 
well-designed classroom demonstration. 
In this new department, Science World 
will present modern demonstrations, 
making use of the latest techniques and 
materials. Each of these demonstrations 
las been developed by science educa- 
tors. Each is designed to supplement 
major articles appearing in Science 
World. 

Measuring Earth’s Gravity 

Photograph a falling ball by spinning 
a strobe disk in front of a camera lens 
with the shutter open. Or use the same 
equipment to photograph the free fall 
of a flashlight bulb soldered to a flash- 
light battery. Drive the stroke disk with 
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a small synchronous (clock) motor. If 
you know the rpm of the motor, you can 
obtain “g,” the acceleration of gravity, 
from the data in the photograph. 

A large scale version of the famous 
Cavendish apparatus can be made by 
suspending a yardstick from a double 
thickness of magnetic recording tape 
about 20 feet long. The yardstick is 
balanced and the tape hung from a 
support in a gym or high-ceilinged room 
with a concrete floor. The support must 
be free of vibration. At each end of 
the yardstick, hang a three-ounce bottle 
of water and balance once more. Make 
a large rectangular frame of wood, 4 
ft. long, 2 ft. high, and 2 ft. wide. Cover 
this frame on all sides with metal win- 
(Continued on page 14-T) 
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Demonstrations 
(Continued from page 13-T) 


dow screening and set it on the concrete 
floor. Make a hole in the top of the 
screen for the tape to pass through. 
Glue a mirror at the center of the yard- 
stick and rebalance. The bottom of the 
mirror should move in a jar of water 
to damp the motion. Next shine a nar- 
row beam of light on the mirror. By 
covering a focusing searchlight lens 
with black tape so that a ¥%” slit re- 
mains, you wili have a narrow beam 
source. Aim the beam at the mirror 
from a distance of three feet. Pick up 
the reflected beam on a large card about 
20 ft. away. This will give you great 
amplification of the motion. 

Now to perform the experiment. 
Place large boxes of sand flush against 
diagonally opposite corners of the ap- 
paratus. Ground the window screening 
and the top of the long tape. This will 
ground out any electrostatic charges 
which produce forces greater than that 
of gravitational attraction. Watch the 
light beam swing slowly across the 
large card. The period is very slow— 
about 80 seconds per swing. If you 
change the material in the boxes from 
sand to dry sawdust (with a lower 
mass) the period of swing will be long- 
er, indicating a lessened gravitational 
attraction. 


Light and Life 


Construct boxes so that one side of 
each box is made of glass or plastic cov- 
ered with layers of colored cellophane 


as color filters. Place identical plants in- 
side the boxes and compare the growth 
under different colors (wave lengths) 
of light, over a long period of time. 

To extract chlorophyll safely without 
possibility of fire resulting from ignition 
of alcohol by a Bunsen flame, use a 
small electric immersion heater of the 
type sold for heating water in a cup 
for coffee or tea. First boil the leaf to 
be studied in water. Remove the water 
and boil in alcohol. When the alcohol 
turns green you are ready to separate 
the chlorophyll A from chlorophyll B 
and the xanthene, 

After the extracted chlorophyll has 
cooled, place an eight-inch strip of 
Wratten filter paper or chromatograph 
filter paper so that one end is in the 
center of the mixture. The other end is 
supported vertically. After some time 
this simple chromatographic strip will 
show three different horizontal lines 
where the three compounds have sep- 
arated because of the different rate of 
mobility of each kind of molecule. The 
xanthene will be yellow-orange and 
there will be a green line for chlorophyll 
A and another for chlorophyll B. 


The “Glue” of Matter 


In addition to the projects with the 
cloud chamber described in Project 
Pointers (p. 25), you can show that a 
charged electroscope is rapidly dis- 
charged if a _ radioactive source is 
brought near the electrode of the elec- 
troscope. You may want to show that 
gamma rays will affect photographic 
film contained in lightproof holders. 


The easiest way to demonstrate this | 


is to borrow a few dental X ray films 
(unexposed) from a dentist. Over the 


front of the covered film place a piece | 
of mantle used in gas lamps or in Cole. | 


man gasoline lanterns. These mantles 
are made of asbestos or nylon thread 
impregnated with thorium oxide. Tho- 
rium is listed in the radioactive series 
in the atomic table. 

Expose the film for a week. Then de- 
velop the film or ask the dentist to do it 
for you. The pattern of the mantle 
weave will appear on the film. You can 


repeat the experiment with a small key | 
held against the film and the mantle | 


placed over the key. If you allow a 


week for exposure and then develop the | 


film, it will show an outline of the key. 
Samples of thorium and uranium ores 
can also be used for this experiment. 

When the film is developed and 
dried you can mount it between 2” x 
2” slide glasses, bind it, and project it 
on the classroom screen with a 2” x 2" 
slide projector, 


Life Cycle of Coturnix 


If students want to study the em- 
bryology of birds, the simplest way is 
to incubate chicken eggs. The incuba- 
tor can be a carton fitted with a base 
mounting light socket. The socket is 
wired in series with an ether-wafer ther- 
mostat. Also place a laboratory thermo- 
meter through a small hole in the car- 
ton wall so that you can read the tem- 
perature. Adjust the thermostat to main- 
tain about 103° F. Examine a new 
incubating egg every day. 





FSA PROGRAMS 


Science World Committee 


Arrangements for continued close 
association between the National Science 
Teachers Association and Science World 
will be continued in 1960-61. Science 
World will continue to carry Tomor- 
row’s Scientists with projects and news 
of Future Scientists of America activi- 
ties. During the past year, NSTA has 
been represented on the Science World 
Editorial Board by the following com- 
mittee: Sam S. Blanc, Gove Junior High 
School, Denver, Colorado; Anne E. Nes- 
bit, South Junior High School, Pitts- 
field, Massachusetts; and Stanley W. 
Williamson, Oregon State College, Cor- 
vallis, Oregon. 


Youth Conference on Atom 


The second annual Youth Confer- 
ence on the Atom will take place in Chi- 
cago, October 20-22, 1960, at the 
Museum of Science and Industry. Stu- 
dent scientists from 38 states will con- 
vene to study the atom as it is used in a 


AND AWARDS 


myriad of peaceful applications and as a 
frontier of science. Students taking part 
will be chosen from among the nation’s 
brightest youths through science fairs, 
examinations, and by leading educators. 
Sponsored by 62 electric light and 
power companies and co-sponsored by 
the National Science Teachers Associa- 
tion and the Future Scientists of Amer- 
ica Foundation, approximately 250 stu- 
dents, accompanied by their science 
teachers, will participate in the three- 
day conference. Students and teachers 
will be addressed by some of America’s 
foremost scientists and will take part in 
group discussion sessions with scien- 
tists from the Argonne National Labora- 
tory, the University of Chicago, and 
the Illlinois Institute of Technology. 


FSA Awards 


For the tenth consecutive year, 
NSTA is conducting a student science 
awards program dealing with projects 
prepared by young people in grades 


seven through twelve. Formerly known 
as the Science Acl.ievement Awards for 
Students, this program will henceforth 
be called Future Scientists of America 
Awards (FSAA). To expedite fairness 
of competition and equality among 
states, a system of eleven geographical 
regions has been established within the 
United States. Similarly, there are 
three category divisions according to 
grade level: grades 7-8, 9-10, and 11- 
12. In this manner, a seventh-grade 
student will not be compelled to com- 
pete with a twelfth-grade student or 
even with a ninth-grade student. With 
revision of the program, there have 
been some internal changes. For ex- 
ample, the national metals and metal- 
lurgy award has been eliminated. 

Materials for the 1961 FSAA are cur- 
rently available and may be obtained 
by writing to the Future Scientists of 
America, NSTA, 1201 Sixteenth St., 
N. W., Washington 6, D. C. Teachers 
are urged to request materials for not 
more than ten per cent of their stu- 
dents. 
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One of the greatest needs for the student 


today is a handy research tool providing 
concise definitions of terms and concepts 
pertaining to all fields of science. This 
completely up-to-date dictionary covers in 
full such newer sciences as virology. en- 
symology, cytogenetics, radio-chemistry, 
high energy, and solid state physics. Most 
important, the hook gives quick and clear 
answers to thousands of questions and 
supplies vital information on all phases 


of science. 


Essential 
Jor the 


Classroom... 


The Concise 


Dictionary 
of Science 


By FRANK GAYNOR 


For example, did you know that 
LIGHT exerts a pressure which can move physi- 
cal objects... 

MAN has not five but at least ten physical 
senses... 


THE MOON is better known to us than the 


_interior of the earth... 


METALS are subject to fatigue and grow old... 
ELECTRONIC BRAINS solve all problems with 
only two figures: 0 andl... 

In this volume you will find these and countless 
other facts. As an invaluable source of refer- 
ence. this dictionary will satisfy both a specific 
curiosity and tempt the student to many fruitful 
hours of leisurely browsing. $10.00 


You can expedite shipment by enclosing remittance. 


PHILOSOPHICAL LIBRARY 


15 East 40th Street 


New York 16, N. Y. 
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FUTURE SCIENTISTS OF AMERICA 


The first year of the 1960 decade 
promises to be a momentous one for 
the National Science Teachers Associa- 
tion—in fact, for all “science-prone” 
students and their teachers. The Future 
Scientists of America (FSA) program 
will be inaugurated this month. 

The FSA youth program with its 
services to teachers and club activities 
for students is an ambitious undertak- 
ing for the NSTA. Science teachers 


throughout the United States respond- 
ed to a questionnaire and opinionnaire 
circulated by NSTA asking for help in 
establishing directions and making de- 
cisions about this new youth organiza- 
tion. The results proved to be favorable. 

In the summer of 1959, having com- 
piled the advice and experiences of 
over 2,000 scientists, science educators, 
science teachers, supervisors, superin- 
tendents, and other interested persons 











TEACHING 
KITS FOR 
STUDENT 

PHYSIOLOGY 
EXPERIMENTS 


Many physiological phenomena can be trans- 
lated into motion. In order to best demonstrate 
these phenomena in the classroom, it is possible 
to make a continuous and permanent record of 
this motion which can be discussed during and 
after the experiment. The Harvard Apparatus 
Teaching Kits are built around a recording de- 
vice. In the case of the standard Kit #1000, 
the device is an electric kymograph, one of the 
simplest recording instruments to operate and 
maintain. It produces a wide range of recording 
speeds and is useful in the majority of experi- 
ments. Also available are many levers which will 
show and record motions of all kinds, such as 
the contraction of frog muscle resulting from 
electrical stimuli. The induction stimulator pro- 
vides electrical stimuli and time marking signals. 
Human as well as animal phenomena can be 
shown. For example, the pneumograph demon- 
strates breathing patterns, and the plethysmo- 
graph can be used to show the volume pulse. 

Harvard Apparatus Co., Inc., a non-profit 
organization, seeks to promote better science 
teaching through the manufacture of superior 
physiological apparatus made available at the 
lowest possible cost. All apparatus is of the 
highest quality and will give years of continu- 
ous service. 








CONTENTS OF THE 
STANDARD KIT 
+1000 

(illustrated ) 


Electric Kymograph 
Kymograph Paper 
Induction Stimulator 
Flat Base Stand 
Muscle Lever 

Heart Lever 

Small Scale Pan 

10g. Weights 

Marey Tambour 
Silver Electrode 
Plethysmograph Tube 
Clamps 

Colophonium Cement 
27mm. Signal Magnet 
Frog Board 

Frog Clips 

Tuning Fork 

Tuning Fork Starter 
Stylus 

Laboratory Manual 
Fitted Case, 24” x 12” x 12” 


$198.00—f.0.b. Dover, Mass. 


Special Kits containing equipment and supplies other than those listed for the 
standard Kit #1000 can be made to order. In all cases, the cost will be a total 
of list prices. We invite you to send for our Catalog and Price List which con- 
tain our complete line of recording instruments and accessories, circulation and 
respiration equipment, electrical equipment, clamps, stands, rods and various 
animal accessories. Also available on request is a detailed data sheet listing che 
contents of the standard Kit #1000 plus a range of auxiliary equipment. 


HARVARD APPARATUS CO., INC. 


DOVER + MASSACHUSETTS + U.S.A. 


(a non-profit organization) 














directly connected with education and 
youth organizations, the NSTA Board 
of Directors approved the general plan 
for an FSA program. At this meeting 
also, the appointment of a Director of 
Youth Activities was authorized. Mr. 
William P. Ladson joined the NSTA 
staff on February 15, 1960, in this 
capacity. Mr. Ladson was formerly head 
of the Science Department at Groveton 
High School in Fairfax County, Vir- 
ginia, and has a wide background of 
association with youth activities, pro 
fessional organizations, and science in 
stitutes. 

The Future Scientists of America 
Foundat.on Administrative Committee 
and the NSTA Board of Directors au- 
thorized Dr. Zachariah Subarsky, Co- 
ordinator of Special Science Activities 
at the Bronx High School of Science in 
New York City, to guide the prepara- 
tion of an operational plan for the 
Future Scientists of America. At the 
Board of Directors 1960 annual meet- 
ing in Los Angeles, California, the 
specifications for the operation of a 
Future Scientists of America program 
under the auspices of NSTA were au- 
thorized. 


Youth Activities 


The initial offerings of FSA will in- 
clude: 

The chartering of 
clubs as chapters of FSA. 

A sponsor’s guide for teachers con- 
taining suggestions for operation of an 
FSA chapter and appropriate related 
activities, 

A quarterly newsletter published by 
the National Science Teachers Associa- 
tion for FSA, containing news and de- 
scribing work that is taking place in the 
FSA chapters. 

A chapter charter or plaque for the 
school, and membership cards, pins, 
and other insignia for students. 

A “Vistas in Science” series of paper 
back books, each consisting of a_his- 
torical review, an approach to research, 
and a student project section within a 
particular science discipline. 

Suggestions for the operation of a 
youth science congress in which stu 
dents meet to present papers about 
work they have accomplished individ 
ually during the year. 

Many other activities are contem 
plated tor the evolving FSA program 
These may include, for example, the 
production of career guidance films, a 
U. S. Youth Registry for Achievement 
in Science and Mathematics, and _pos- 
sible summer conferences for FSA 
student leaders. 

The Youth Registry would be an ac- 
cumulation of names of outstanding 
science students throughout the United 


school science 
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States based on state, regional, or na- 
tional achievement, or those who have 
been recognized as highly capable 
students. For example, a student select- 
ed for one of the National Science 
Foundation summer institutes would 
be eligible for placement on the reg- 
istry. The reason for establishing such 
a registry is that it will produce a 
reservoir of identified science talent 
correlated with extracurricular activ- 
ities and achievements in science, An- 
other main objective is to identify meri- 
torious students for admissions officers 
of colleges and universities offering 
special programs or scholarships. 

A group of science teachers, science 
educators, supervisors, superintendents, 
and other interested persons have been 
drawn together as the Field Advisory 
Board (FAB) to aid in establishing 
plans and ideas for the future expan- 
sion of the FSA. The Field Advisory 
Board now has 150 members. 

Through student activities, services, 
and materials for teachers, FSA aims 
to assist teachers in locating and nurtur- 
ing students who have the potential 
to become productive in the scientific 
endeavor. FSA will cooperate in every 
possible way with all existing science 
programs such as state junior academies 
of science, state talent searches, and 
summer institutes for high school stu- 
dents. 


Chapter Affiliation 


The cost of affiliating an FSA chap- 
ter will be based on the total enroll- 
ment of the school which supports the 
chapter. Two or three small schools 
may find it desirable to cooperate in 
forming and sponsoring a single chapter 
of FSA. In some instances, even a 
group of interested students may par- 
ticipate outside of school if responsible 
adult leadership can be found. Larger 
schools, of course, will have their own 
chapters. 

The initial chartering fees for vari- 
ous categories of school populations are 
as follows: 


Res ac.c\y eieiereeicvens arene $5 
ee) a ree... 
VCE BIO 54 6 wisn saws se sae. $10 
The yearly charter renewal fees are: 
BI oy 06.4 sists spre Sincere $2 
PM bec cikacer ces iss 
OVOL- FO. sss soc cesannas $4 


These fees were established after 
considerable study of the cost patterns 
of other comparable youth organiza- 
tions and on best estimates of actual 
costs to NSTA of providing the project- 
ed FSA services and materials, 

The FSA is ready to go. All of the 
organizational preparations and_pro- 
cedures have been accomplished. The 
materials and services to assist you in 
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your task of locating and nurturing 
the interested and motivated students 
into science fields have been prepared. 
The FSA program was designed by 
science teachers, and will be improved 
through the suggestions of science 
teachers. NSTA urges science teachers 
to offer constructive criticism about the 
program, its administration, services, 
and materials. NSTA says: “We can 
assist you only when we are aware of 
your desires regarding this program. 
The success of FSA depends on the en- 
thusiasm of you, the science teacher.” 
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Teacher Star Awards 


The National Science Teachers Asso- 
ciation will not sponsor a STAR Award 
program for teachers in the 1960-61 
school year. In the past the STAR 
awards programs were conducted by 
NSTA under grants from the National 
Cancer Institute. The Association hopes 
to continue the program in alternate 
years. This announcement is made to 
forestall the large number of inquiries 
received at NSTA headquarters in the 
“off years.” 





THE SCIENCES 
OF MANKIND 





TUUVUVUUUUUTUUUVVSUUUUUVUUUVUUUUVTUUUUVUVUUUUVUUTUUUTT TUT YY 


GOLDEN SCIENCE BOOKS 
in sturdy GOLDENCRAFT Library Binding 


for Young Adult readers 


THE SCIENCES OF MANKIND 
Words and pictures show the meth- 
ods, achievements, and goals of the 
anthropologist, archaeologist, histori- 
an, economist, psychologist, political 
scientist, social worker, and many 
others. Net price $4.99 


THE STORY OF GEOLOGY 

Our Changing Earth Through 
the Ages 

A geological tour of the planet Earth 
in words and 350 full-color photos, 
paintings, maps and diagrams. Net 
price $4.99 


MATHEMATICS 

Exploring the World of 

Numbers and Space 

A lucid text and over 200 full-color 

pictures introduce youngsters to al- 

gebra, geometry, trigonometry; math- 

ematics in nature, art and music; 

number games and tricks. Net price 
3.99 


MEN OF AMERICAN SCIENCE 
AND INVENTION 

America’s long and colorful history 
as a nation of inventors. American 
Heritage Junior Library. Net price 
$3.79 


THE GIANT GOLDEN BOOK 

OF ASTRONOMY 

(Revised Edition) The very latest 
scientific discoveries have been added 
to this invaluable book about space 
and its wonders. Net price $3.99 


SKY OBSERVER’S GUIDE 

A handbook for observing stars, plan- 
ets and other sky wonders. Net price 
$2.99 


Life’s THE WORLD WE LIVE IN 
Special young people’s edition of 
the famous Life series on the splen- 
dors of the earth. Many maps and 
illustrations. Net price $4.99 


GOLDEN GEOGRAPHIC 
ENCYCLOPEDIA 


A lavish treasury of geographic lore 
for readers of every age. More than 
450 splendid photographs, maps and 
illustrations; thousands of entries on 
nations, cities, oceans, rivers, indus- 
tries of the world. Net price $7.99 


THE HUMAN BODY 


The marvel of the human body, its 
various parts and how they work, 
lucidly explained and illustrated with 
more than 200 color paintings. Net 
price $4.99 


THE GLOBAL ATLAS 

Over 40 shadow maps, plus ancient 
maps, pictorial maps and pictures of 
map-making instruments. Text by 
Frank Debenham relates the history 
of maps, describes each continent of 
the world. Net price $5.99 


Walt Disney’s 

OUR FRIEND THE ATOM 

A . beautifully clear explanation of 
the atom — what it is, what happens 
when it is split, the significance of 
atomic energy. Net Price $4.99 


THE STORY OF FLIGHT 

A brilliant array of full-color pictures 
and photographs illustrates the ex- 
citing story of man’s conquest of the 
air. Net price $3.99 


THE SEA AROUND US 

Special edition for young readers of 
RACHEL CARSON’s best seller about the 
oceans and the teeming life in their 


depths. Net price $4.99 


THE WORLD OF SCIENCE 
An exciting look at the work being 
done by today’s geologists, astrono- 
mers, mathematicians, physicists, bi- 
ologists, engineers. Wonderful action 
photographs. Net price $4.99 


Eligible for Purchase Under N.D.E.A. 





Write for a complete list of Golden Books in Goldencraft Library Binding. 
Golden Press, Educational Division, 630 Fifth Avenue, New York 20, N. Y. 
Publisher of The Golden Book Encyclopedia 
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Biology teachers and research biolo- 
gists believe there is a need for biology 
films which can stimulate the imagina- 
tion and scientific reasoning of students 
as well as arouse the interest of the 
general public. Most films prepared for 
school and college use are designed as 
supplementary illustrative material. In 
the Vishniac films the approach and 
emphasis are different. The Living Bi- 
ology films will come as close as possi- 
ble to duplicating the experiences of a 
trained observer engaged in biological 
research. Thus the student can see for 
himself the life processes from which 
current theories evolve. 


Organisms Move Normally 

Dr. Vishniac’s pioneering work in 
cinematography involves the use of 
transmitted oblique and semivertical 
illumination. In his experience, these 
lighting techniques produce results su- 
perior to those of conventional—direct 
or phrase-contrast—lighting of the in- 
ternal details of organisms. Whenever 
possible he uses immersion lenses in 
preference to conventional flat-mounts 
between slide and cover slip. This 
method permits the organisms to move 
normally and emphasizes their three 
dimensional aspects. Organisms are re- 
vealed in a completely relaxed state 
within their natural environment. Dr. 
Vishniac’s lighting preserves natural 
colors that are usually destroyed in con- 
ventional microscopy by transmitted 
light, reflections, and glare. 

Dr. Vishniac has produced many bio- 
logical films for Encyclopaedia Britan- 
nica Films, Warner Brothers-Pathe, and 
Horizons of Science. He looks upon 
this forthcoming series, announced 
turee days after his 63rd birthday, as 
the high point of his career. 

“For many years I have worked al- 
ways in anticipation that someday I 
would succeed in getting the assign- 
ment that would permit me to work 
together with biology teachers, with 
scientists,” he observes. “The most im- 
portant thing for us today is education. 
This is the only way we can save the 
future generations. 

“I also believe that education can 
only be done and must only be done 
through teachers,” Dr. Vishniac contin- 
ues. “We cannot use any substitutes, 
no teaching machines, or films that 
make the teacher completely unneces- 
sary because the movie explains every- 
thing and because the narrator is re- 
placing the teacher, looking at the 
students, and saying what the textbook 
says. I don’t believe that this is the 
filming approach and I don’t believe 
that the teacher can be substituted for. 
We need good teachers.” 

Dr. Vishniac was born on Aug. 19, 
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1897 near St. Petersburg, Russia. He 
holds the Ph.D. degree in zoology from 
Shanyavsky University, Moscow, Dr. 
Vishniac did research in endocrinology 
und also holds the M.D. degree from 
Moscow University. He fled Russia in 
1920, via Latvia, and lived for 19 years 
in Berlin, Germany. 

While in Berlin he did post-graduate 
work in oriental art at the University 
ot Berlin, completing work necessary 
for a Ph.D. While in Berlin he also 
continued his biological research, made 
a study of optics and the behavior ot 
light, and worked as a_ portrait and 
journalistic photographer. 

In the late 1930s, portents of the 
approaching Nazi regime sent Dr. 
Vishniac on a series of expeditions to 
photograph the faces and lives of Jews 
in Eastern Europe. A_ selection of 
these pictures, published under the 
title “Polish Jews,” has been widely 
hailed. 

Dr. Vishniac came to the United 
States in December, 1940. After de- 
voting time to a career as a still pho- 


tographer, he was able to apply his | 


talents to microscopy and _ scientific 
cinematography. 
He has pioneered time lapse tech- 


nique in cinematography since 1924. | 


He is former president of the New York 
Entomological Society; fellow of the 
New York Academy of Sciences; fel- 
low, Royal Microscopical Society (Eng- 
land); fellow of the Biological Photo- 
graphic Association; and member of 
the American Society of Zoologists. 

He received, in 1956, the Memorial 
Award of the American Society of 
Magazine Photographers for “showing 
mankind the beauty of the world it 
cannot see.” He also won the Grand 
Prize in Art in Photography at “Art 
in U.S.A.: 1959.” 


Teaching Materials 
Roundup 
Magnifier—Gadget or Tool? 


Have you considered using a hand 
lens for a lesson or a series of lessons? 
A magnifier is just as much a small 
tool as is a micrometer. Its value is de- 
pendent, to a great extent, on its user— 
his knowledge of how to use it and 
what can be accomplished by its use. 
Over the years, many different types 
of magnifiers have been designed. A 
glass which is ideal for one job may 
be entirely inadequate for another. 
To select a magnifier, four major con- 
siderations must be explored: power, 
or magnification; working distance; 
field of view; depth of field. Since all 
of these considerations are interde- 
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Tha ihe BESELER 


VU-GRAPH* 


OVERHEAD TRANSPARENCY 
PROJECTOR! 


PROJECTS A HUGE BRILLIANT 
IMAGE BEHIND YOU AS YOU 
FACE YOUR CLASS 


Sela You 


TEACH IN A FULLY LIGHTED ROOM — to watch 
class reactions, permit note-taking 
PROJECT WHAT YOU WRITE, AS YOU WRITE IT 
— to personalize lessons, emphasize specific 
points 
PROJECT ONE TRANSPARENCY OVER ANOTHER 
—to build a complete lesson, step-by-step, 
right before your students’ eyes 
TEACH DRAMATICALLY IN ANY SUBJECT — with 
—- as unlimited as your own imag- 
ination. . 
In Science, for example, you can teach, 
step-by-step, how veins, arteries and 
capillaries form the circulatory system 
with 3 or 4 overlaid transparencies. 


*The coupon below will bring you complete 
information on the other — in this A-V 
Exam, a Beseler Vu-Lyte If Opaque Projector. 


my 





GET THE ANSWERS TO YOUR A-V QUESTIONS 
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pendent, a variation in any one will, of 
necessity, make some change in the 
others. 


Consider Magnification First 

A simple formula for determining the 
magnification of alens is 10 =X 
(magnification). In this 
stands for focal length. The number 
10 stands for 10 inches, the average 
minimum distance of an object from 
the “normal” unaided eye. This is 
based on the practical experience that 
nearer than 10 inches, objects cannot 
be seen distinctly by the unaided eye. 
Using the formula, a lens with a focal 
length of 5 inches has a magnification 
of 2 power. Conversely, any lens of 2 
power has a focal length of 5 inches. 
This is a law of physics and there are 
no exceptions. 


formula, f 


Working Distance 

Suppose you wish to examine an ob- 
ject, and you cannot bring your mag- 
nifier any closer to it than 3 inches. 
Since magnifiers have a focal length 
and a working distance approximately 
the same, it is obvious from the formu- 
la for magnification used above, you 
could not use a 5 X magnifier. It has a 
working distance of only 2 inches. You 
must select a lens with a working dis- 
tance of at least 3 inches. This would 
mean a 3 X lens. 


Field of View 

Our third consideration, field of 
view, is the area seen through the mag- 
nifier. The diameter of the field of 
view of a magnifier is less than its fo- 
cal length. 

We have already found that as the 
power of a magnifier increases, its 
working distance decreases. Likewise, 
as the power increases, the lens diam- 
eter also decreases. All of these fac- 
tors have a direct bearing on the field 
of view. 

As an example, let us suppose we 
are examining the surface of a large 
piece of cloth for imperfection of 
weave. It might take hours to cover 
the entire surface using a 20 X glass 
whose field of view is just a little more 
than % of an inch. If it is absolutely 
necessary to study the nature of the 
imperfections with this high power 
magnifier, the proper way to go about 
it would be to use a much lower power 
glass, marking the questionable areas 
distinctly, then inspecting those ques- 
tioned areas with a high power glass. 


Depth of Field 
Depth of field is the name given to 
the distance you can move a magnifier 
toward or away from an object and 
still have it in good focus. Beyond 
these limits the object is said to be “out 
of focus,” and the image is not sharp. 





SIMPLIFY YOUR 
ELEMENTARY 
SCIENCE CLASS 
TEACHING 


Warp’s clear, concise SCIENCE 
REVIEW - WORKBOOKS - supple- 
ment your classroom discussions 
with practical exercises and stim- 
ulate pupils’ interest in the world 
about trem. 











All four REVIEW-WORKBOOKS 
(one for each grade, 5 to 8) use 
Warp’s 5-Point Method to plant 
facts firmly in each pupil’s mind. 
Past success with this method 
backs our guarantee: Order as 
many books as you need and use 
them free for 10 days. Send no 
money. When you've proved their 
worth, we'll bill you at the low 
price of only 50¢ a co in quan- 
tities of 100 cr more. Write to: 


WARP PUBLISHING COMPANY | 


Dept. 1 Minden, Nebraska 











ideal primer 
for those interested 
in atomic energy 


INTRODUCTION TO 
ATOMIC ENERGY 


by William G. Atkinson 
Chief Hull Designer, Electric Boat Div. 
General Dynamics Corp. 





The text starts with the discussion 
of the atom, its components, and 
the necessary physics and chemis- 
try required for understanding the 
nuclear force; the fundamentals of 
radioactivity; the various particles 
and other components of nuc ear 
radiation. Then nuclear reactions, 
with special emphasis placed on 
the fission reaction, are discussed. 
A number of different types of 
reactors as well as the materials 
that enter into nuclear reactors 
are explained. A latter chapter 
explores reactor design problems 
The last chapter provides a speci- 
fication listing of all existing re- 
actors. It is an excelent primer 
for all who have a desire to learn 
the fundamentals of atomic energy 
without probing the depths of 
engineering texts on the same 
subject. #271, $1.35 

Send for examination copies on 
30-day approval. At end of 30 days 
| ee can either remit price of the 
ook or return it without cost. 


SCHOOL DISCOUNTS APPLY 
Pay Wi} JOHN F. RIDER, PUBLISHER, INC. 


116 West 14th hang New York 11, N. Y 
Poiaton, Ltd., 
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Depth of field varies with the power 
of the lens. It is comparatively great in 
low power magnifiers, but shrinks, 
along with working distance, as the 
power increases, 


Movement 

Since the lens magnifies speed in the 
same proportion that it magnifies size, 
moving objects should be examined 
only with a low power magnifier. 

If there is ever any question in your 
mind as to which of two powers of 
magnifiers to choose, favor the lower of 
the two. Make it a rule, wherever pos- 
sible, to forsake magnification in favor 
of greater working distance, greater 
depth of field, and wide field of view. 
You will gain better viewing results. 


Frog Anatomy Film 


Frog Anatomy, a new life science 
film produced by the Audio-Visual 
Center, Indiana University, provides 
an ideal transiiiou trom the biology 
classroom to the laboratory table as it 
covers the complete process of frog dis- 
section. Frog Anatomy provides each 
student with a front row seat for the 
dissection demonstration through the 
eyes of the close-up camera. Designed 
for use in high school biology or col- 
lege biology and zoology classes, the 
17-minute, 16mm. production is avail- 
able in color or black and white. Dr. 
Gerald Gunning, Department of Zool- 
ogy, Tulane University, is the dissector. 

Frog Anatomy shows the dissection 
of a bullfrog, points out its internal 
anatomy by systems, and suggests ad- 
ditional investigations. The film opens 
with an instructor in a classroom dem- 
onstrating to his students a method of 
anaesthetizing a frog, After the frog has 
become limp, the instructor points out 
internal structures of the mouth, 


Complete Dissection 

The frog is pinned to a dissecting 
tray, and the steps of opening the body 
cavity and examining the organs are 
shown. The digestive, urinary, and re- 
productive (male and female) systems 
are shown in isolation as well as in the 
specimen being dissected. The heart 
and other parts of the circulatory sys- 
tem are examined, as well as the brain, 
spinal cord, and nerves. 

Other possible investigations are 
touched upon briefly as laboratory 
students are seen inflating the lungs, 
examining blood flow in the web of the 
frog’s foot, and dissecting the stomach. 

The film concludes with the state- 
ment that careful and thoughtful exam- 
ination of the frog will provide the 
student with first-hand information 
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concerning its anatomy and that of oth- 
er vertebrates, 

Frog Anatomy fits perfectly into the 
pattern and purpose of the National 
Defense Education Act. Two major 
areas in which it can be used are: 

1. As an introduction to laboratory 
procedures before the students under- 
take individual work. 

2. In systems where laboratory facil- 
ities are not available, this film pro- 
vides an adequate substitute. No sub- 
stitute can be as valuable as actual ex- 
perience, but this comes very close. 
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Prints of Frog Anatomy may be pur- 
chased from the Audio-Visual Center, 
Indiana University, Bloomington, In- 
diana. The price for a color print is 
$150 and for the black and white, $75. 
Preview and rental prints are also 
available. 


New Series of Biology Books 


A new approach to biology educa- 
tion has been made by a group of 
American authorities in the biological 
sciences. Under the editorial leadership 














8 exciting new Viking 
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ANDREE’S STORY: The Complete Rec- 
ord of His Polar Flight, 1897. Introduction 
by Vilhjalmur Stefansson. 

The mystery and adventure of the first man 


Paperbound, popular-priced reprints 
of the best in science for your students 


THE WORLD OF NIGHT 

by Lorus J. & Margery J. Milne 

An illuminating account of the night-be- 
havior of insects, fishes, reptiles, birds and 
als in their native habitats. Illustrated 





who dared to fly the Pole in a ball 
Photographs, maps, charts $1.45 


THE NEXT FIFTY YEARS OF 
FLIGHT by Bernt Balciien and Erik Bergaust 
A glimpse into the future of aviation. Fore- 
word by Lt.-Gen. James H. Doolittle and a 
new introduction by Erik Bergaust. 16 pages 
of photographs $1.25 


ON THE VARIOUS FORCES OF 
NATURE by Michael Faraday. Introduc- 
tion by Keith Gordon Irwin. 

“Christmas Lectures” by a great pioneer of 
modern physics. Illustrated with the original 
diagrams $.95 


EXPLAINING THE ATOM 

by Selig Hecht. Revised and expanded by 
Eugene Rabinowitch. 

“A fascinating book . . . that can be under- 
stood by every attentive reader.’’—ALBERT 
EINSTEIN. Illustrated with charts and dia- 
grams $1.25 


THE DESERT YEAR 
by Joseph Wood Krutch 
A naturalist and philosopher views the pat- 
tern of the desert world of the American 


Southwest. Decorations by Rudolph Freund 
$1.35 


FOUR WAYS OF BEING HUMAN: 
An introduction to Anthropology. By Gene 
Lisitzky 

Fascinating and diversified ways of living 
among four primitive tribes. Illustrated by 
C. B. Falls = $1.45 


Education 
discount applies 








by T. M. Shortt $1.35 
ELEPHANT BILL 


by Lieutenant Colonel J. H. Williams 

One of the world’s great elephant trainers 
tells of their habits and exploits. 32 pages 
of photographs $1.45 








.. . and don’t forget 
these first 8 titles: 


WHEN THE STARS COME OUT 
by Robert H. Baker $1.25 


ADVENTURING WITH BEEBE 
by William Beebe $1.25 


THE TRIUMPH OF THE TREE 
by John Stuart Collis $1.25 


THE CHEMICAL HISTORY OF A CANDLE 
by Michael Faraday $.95 


ENGINEERS’ DREAMS 
by Willy Ley $1.25 


MEN OF MEDICINE 


by Katherine B. Shippen $1.25 
CAVES OF ADVENTURE 

by Haroun Tazieff $1.45 
THE FORESEEABLE FUTURE 

by Sir George Thomson $.95 
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625 Madison Avenue, New York 22, N. Y. 











Now teenagers 


can learn 





the facts of 












space science 






in exciting novels 






By ALAN E. NOURSE 


Written by a young doctor-author, these 
widely praised books present accurate 
scientific information in dramatic story 
form. 


Just published 


STAR 
SURGEON 


Born on a distant planet, Dal Timgar 
is the first “alien” to become a qualified 


physician of Hospital Earth. “Much 
imaginative manipulation of medical 


and astronomical detail in a story which 
is suspenseful from start to finish.” 
Vircinia Kirkus $2.95 


$3.00 
$2.75 


ROCKET TO LIMBO 
SCAVENGERS IN SPACE 
All cloth bound 

DAVID McKAY COMPANY, INC. 
119 West 40th Street New York 18 














[ “Portabie Laboratories" for the Classroom | 








How to dramatize 
basic concepts 
of chemistry and 
crystallography 


With new CRYSTAL MODELS PORTABLE | 
LAB, students literally “see” different types of | 


chemical bonding arrangements which tie to- 
gether individual atoms in crystalline elements, 
metals and compounds, First of its kind in the 
moderate price range, CRYSTAL MODELS 
LAB makes pioneering use of light, easy- 
to-handle styrofoam spheres, with which stu- 
dents readily construct models of crystalline 
Structure. 126 spheres, red, blue and white, in 
3 different sizes; assembly jigs, connectors; 
40-page instruction and theoretical manual, 


well-illustrated. Additional spheres available 
separately. List $18.95 (quantity discounts for 
schools). For complete catalog of PORTABLE 
LABORATORY teaching aids, write Science 
Materials Center, 59 Fourth Ave., New York 3, 
N. Y., Dept. M-151. 








SCIENCE MATERIALS CENTER 











a division of The Library of Science 
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of William D. McElroy and Carl P. 
Swanson of The Johns Hopkins Uni- 
versity, top-flight research scientists 
have written a series of books designed 
for biology instruction at the intro- 
ductory college level. Many of the 
books, however, are well within the 
reading ability of the “better than aver- 
age” high school student. 

Eleven short, compact volumes—to 
be published by Prentice-Hall during 
1960 as the Foundations of Modern 
Biology—introduce biology as a unified 
sc.ence based on well-established scien- 
tific principles. Closing the gap be- 
tween current research and teaching, 
the authors believe that their short, 
tightly-organized books will convey the 
basic unity of the biological sciences 
to the student. Their mission is to pre- 
sent biology, not as a science of classi- 
fication, but as an application of chem- 
istry, physics and mathematics to the 
living sciences. These areas hold the 
greatest challenge for biology in the 
future, the authors maintain. 

two volumes are now in print, The 
Cell, by Carl P. Swanson, and Animal 
Growth and Development, by Maurice 
Sussman, Associate Professor of Biol- 
ogy at Brandeis University. The other 
nine volumes are to appear during the 
autumn and early winter of 1960. 
These are: 

The Plant Kingdom, by Harold C. Bold 
Animal Physiology, by Knut Schmidt- 

Nielsen 
Cellular Physiology and Biochemistry, 

by William D. McElroy 
Animal Diversity, by Ear] D. Hanson 
The Life of the Green Plant, by Arthur 

W. Galston 
Heredity, by David M. Bonner 
Adaptation, by A. M. Srb and Bruce 

Wallace 
Man in Nature, by Marston Bates 
Animal Behavior, by V. G. Dethier and 

Eliot Stellar 


Science Teachers Buyer’s Guide 


Clay-Adams, Inc., a _ supplier of 
teaching and laboratory materials for 
biological and medical science, has 
published a Buyer’s Guide for Science 
Teaching. The 80-page, _ illustrated 
guide contains a selection of products 
in the Clay-Adams line useful in sec- 
ondary school science programs. 

The guide will simplify selection of 
materials that qualify for purchase un- 
der the Title III Program of the Na- 
tional Defense Education Act. Many 
of the products featured in the guide 
are similar to those which appear in 
the Title III purchase guide prepared 
by the Council of Chief State School 
Officers. The Clay-Adams Guide is 


keyed to permit easy identification of 
these qualifying items. 

Copies of the “Buyer's Guide for 
Science Teaching” may be obtained by 
writing (on school letterhead) to Clay- 
Adams, Inc., 141 E. 25th Street, New 
York 10, N. Y. 


Single Solution Developer 
and Fixer 


One of the quieter dreams in pho- 
tography — persisting for more than 
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70 years almost completely unknown J 
to the average amateur or professional— | 


is monobath processing of films and 
papers. The three-bath routine—devel- 
oper, stop bath, and fixer—has been a 
standard for so long that suggestions of 
any different systems are unexpected, 
A monobath system has now burst out 
of the blue, not as an experimental gim- 
mick, but as a fully fledged and depend- 
able solution under the name of “Uni- 
bath.” 

Monobath systems of the past have 
worked, but either poorly, or with such 
drawbacks as to be merely a techni- 
cal novelty. They involved extended 
processing times, high fog level, low 
resolution, and great loss in film speed. 
Even a beginner can imagine the draw- 








Keep Informed on Astronomy 
and Space Exploration 


TELESCOPE 


If you are teaching astronomy, you should 
read SKY AND TELESCOPE, the largest 
astroncmical magazine in the world. Pro- 
fusely illustrated, each month pre-enting 
articles by internationally known astron- 
omers, observing and telescope making 
departments, star and planet charts, and 
up-to-date news on the fast-moving ad- 
vances in the explcration of the un.ve.se. 
Subscription—U. S. and posses:ions: 1 
year, $5.00; 2 years, $9.00. Sample copy 
50 cents 


OTHER SKY PUBLICATIONS 


MAKING YOUR OWN TELESCOPE—by Allyn 
J. Thompson. Complete, step-by-step in- 
structions for making and mounting a 6- 
inch reflecting telescope at low cost. $4.00 
Norton’s STAR ATLAS—This famous star atlas 
and reference handbook is particularly 
suited for teachers and students who wish 
sky charts in book form. Covers the whole 
heavens, showing over 9,000 stars to mag- 
nitude 6.33. There are descriptive list: of 
500 interesting objects for viewing with 
small telescopes, and useful data is given 
for observing the sun, moon, and planets. 

5.25. 
Also available; Picture sets of the moon 
and celestial objects, star atlases, maps 
of the moon. Write for free descriptive 
folder T 


Send check or money order. 


SKY PUBLISHING CORPORATION 


49T Bay State Road 
Cambridge 38, Mass. 
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backs to mixing the fixer in with the 
developer! In many formulas such quan- 
tities of caustic chemicals seem to have 
been introduced (to keep the develop- 
ing action going in the presence of 
fixer) that from the lab the cry must 
have been heard: “Look, Ma! No film!” 

What does a monobath process do? 
Well, you put the film in the tank, the 
Unibath goes in after it. After four 
minutes for thin emulsion films, and six 
for the faster types, you pour it off. 
Wash the film for five minutes, and 
that is all. There is no strict temperature 
control. Room temperature is adequate. 

Four minutes or six minutes? The 
Unibath processes to finality in those 
times. If you're called to the phone, or 
have to nip down to the corner and the 
film stays in for twenty minutes, you've 
only wasted time. The development 
stops itself when the film is develoved 
to finality! 


Fine Grain Processing 


Unibath has phenidone as a develop- 
ing agent. On medium speed films, grain 
is just about the same as that with the 
standard fine grain developer, D.76. 
Contrast is decided by the contrast of 
the subject, for this finality develop- 
ment is to a normal gamma—no soot 
and whitewash negatives result from 
overdevelopment. 

The thin emulsion films proved 
slightly grainier than Rodinal and simi- 


lar high resolution developers—quite a 
standard to meet—but the high resolu- 
tion characteristics remained. Using 35 
mm. Plus X film, the working index of 
320 tungsten obtained with other de- 
velopers was fully sustained with Uni- 
bath. 

There are Unibaths for microfilm 
and lithography, for oscillograph re- 
cording films and motion picture posi- 
tives. There is no Unibath for movie 
reversal processing, nor for color proc- 
essing. 

Unibath isn’t a cure-all. It is a tool, 
for amateurs and professionals, and 
probably a boon to photofinishing 
plants, but it won’t do quite every- 
thing. One situation where Unibath 
with its finality development might 
have difficulties is subjects of such ex- 
treme contrast that normally consid- 
erable exposure and underdevelopment, 
or even water bath development is re- 
quired. Even so, the moderate gamma 
to which Unibath develops the film goes 
a long way toward meeting this situa- 
tion in all but the most critical con- 
ditions. 


Miniature Water Pump 
Available 


A tiny (2%” x 1%”) electric motor 
and water pump useful for laboratory 
and project work is now available. 
Teachers and students may appreciate 
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the unit for its small size, sturdy con- 
struction, flexibility, and low cost—$3.95 
post paid. The unit pumps a continu- 
ous flow of water at the rate of 1 pint 
per minute at a 12” head. With 2 D-bat- 
teries in series, it will pump to 24” 
high. The pump works in either direc- 
tion. The pump is distributed by Ed- 
mund Scientific Company, Barrington, 
New Jersey. 


Introductory Text on Magnifiers 


Bausch & Lomb Incorporated has 
revised its widely used descriptive cata- 
log covering a complete line of readers 
and magnifiers. The catalog also con- 
tains five pages of introductory optics 
dealing with magnification, depth of 
field, field of view, and working dis- 
tance. Teachers, students, and others, 
who use magnifiers for any purpose, 
will find the introductory text material 
especially valuable. Helpful tips on 
current working distance, how to de- 
termine magnifying power, field of view 
factors, and the proper magnifier for 
individual job requirements are dis- 
cussed in detail. The text should make 
a useful and different source of material 
for physics units on optics. it may also 
be useful to general science classes. 

The booklet is available free by writ- 
ing to Bausch & Lomb Incorporated, 
Rochester 2, N. Y., specifying Catalog 
1-103. 





Price 
Electroscope Kit: Accessory Electro- 
container, mount, _ statics Kit (for full 


class): 36 plastic 
strips ond 12 cloths 
for both polarities; 


$9.20 $9.50 


sensitive element, in- 
sulators, and plate — 








36 pith balls and 
graphite coating ma- 
terial; 50 fine nylon 
suspensions; and 24 
insulators — 
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humidity 


photoelectric effect. 


and manufacturing 
Science Study Committee. 


school students. 


- - Revised and refined over 3 year period. 


e@ SCIENCE CLUBS 


Developed for student use to show presence, polarity and 
quantity of electric charge ... 
... Has good sensitivity and a large deflection . . 
be used in demonstrations of charge sharing, ionization and the 


-- Approved by Educational 
porated for PSSC high school physics program. 


- - Designed by physicists, high school teachers 
specialists on 


- - Field tested by 650 teachers with 35,000 high 


- - Correlated with other PSSC materials including 
Text, Lab Guide, and Teachers’ Guide, published by 
D. C. Heath and Company, Boston, Mass., and 
films distributed by Modern Learning Aids, div. of 
Modern Talking Picture Service, N. Y., N. Y. 


AMERICAN SCIENCE PRODUCTS, 'NC., design consultants 
MACALASTER BICKNELL COMPANY 


253 NORFOLK ST., CAMBRIDGE 39, MASS. 


Send for catalog of PSSC apparatus and 
standard laboratory supplies 


@ GENERAL SCIENCE 


Performs unusually well in high 
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the Physical 
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CONCENTRATION... 


/ «A 


4 One of the most forceful terms in education’s lexi- 

‘ con, the word concentration is also the secret of 

manufacturing success. Just as we concentrate on 

the production of top quality laboratory glassware 

at the lowest cost possible, we make it possible for 

you to concentrate on saving a substantial part of 

your lab supply budget for other needed materials. 

if you are now using Diamond D laboratory glass- 

ware, you are getting the best value for every 

dollar spent. If you aren’t . . . then it's time to 
concentrate on the problem. 


DOERR GLASS COMPANY 


Vineland, New Jersey 








